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PREFACE. 



Some years ago the author of this work was engaged as Resident Engineer in the con- 
struction of a Tunnel, begun about the time that Machine Rock Drills had been successfully 
introduced in the United States. Machine Drills were, however, in many respects still in 
their experimental stage, and the same thing may be said of the higher Explosives — Gun-cot- 
ton, the Compounds of Nitro-Glyeerine, etc., etc., which since have come into such universal 
use. Naturally the experience gained in the construction of a large Tunnel, driven partly 
through very hard rock, by the aid of these new agents, related to many new points, and 
opened a wide field for experiment and practical study. The interest which at the time the 
author took as a professional duty in his work, continued after the completion of the Tunnel 
in question, and incited him to make a study of the comparative merits of the Rock Drills 
and of the Explosive Compounds in the Market, as to which he could obtain general data, and 
moreover, to seek and set forth, so far as lay in his power, tlie principles of Blasting, of which 
the art is, of course, as susceptible as is any other, of intelligent scientific direction, though 
heretofore generally left to rule-of-thumb guidance. 

The results reached were published in the author's work on Tunneling, etc., first issued in 
1878, nnd recently i*epublished in an enlarged edition. 

The Treatise on Tunneling, being devoted mainly to a study of the principles of Tunnel- 
ing proper, included a large amount of matter, not directly pertinent to the object of this 
volume, the subjects of Explosive Compounds, of Rock Drills, and of Blasting being treated 
in certain Chapters of the work on Tunneling, which were especially devoted to those 
matteri'. 

The kindly reception which had been given by the profession to the author's work on 
Tunneling, caused the first edition to be exhausted within three years; and in issuing the 
second edition, the author carefully revised the work, and added such new matter as was 
needed to make the several parts complete to date, the changes being made almost exclusively 
in the Chapters relating to Explosive Compounds, Air Compressors, and Machine Rock Drills ; 
the fact being, that the exhaustion of the first edition rendered a second necessary before the 
actual progress in the Art of Tunneling proper, had demanded it. 

Since the year 1878 mucli has been learped in the Art of Blasting, relative to Explosive 

Compounds and Modern Machine Drills, so that the changes and additions in the author's 

work on Tunneling added over one hundred pages to the Chapters relating to those subjects. 

In the present volume those changes and additions are all included, enabling the owners of the 

first edition of the Work on Tunneling, who may not care to subscribe for the second edition, 

to obtain in this volume nearly all the additional matter embodied in the second edition. This 

work is, in fact, mainly a rescript of those portions of the author's larger work, which are 

devoted to Explosive Compounds, Rock Drills, and Blasting ; and it is hoped that this volume 
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iv PREFACE. 

may be of service to stadeuts of engineering, and to engineers who desire to stndy those sub- 
jects without going into that fuller eonsidei-ation of the principles of Tiinnelii g proper, which 
is necessary to the engineer or contractor actually engaged in Tunnel construction. 

There is at the present time no full work in English on the subjects here treated, though 
man}' valuable ifonographs and Papers, especially on Explosive Compounds, and on the 
phenomena attendant on Explosion and Detonation, have appeared within the last decade in 
Pamphlet form, and in the papers read before thd Engineering Societies in England and in 
America. 

It is the hope of the author that this work may be found in some measure to supply the 
want of a general Treatise upon questions heretofore studied and discussed only in detached 
and separate form. If but a beginning in this direction has been made, such beginning may 
at least serve as an Index for the future study and elaboration of others. 

Philadklphia, January 1st, 1883. 
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A History of Rook Excavation, Tunneling, and Blasting from the Reign of Rameses 

II. to the Present Time. 

The perseverance that the ancients showed in excavating their tunnels is astonishing 
when we consider that their means of excavation were limited to hand tools, wedging, etc., 
supplemented occasionally, perhaps, by the use of the " fire-setting " system of excavation, 
which simply consisted in heating the rock and suddenly cooling it with water, and so disin> 
tegrating it. Diodorus, in an account of mining operations in Ancient Egypt and Ethiopia, 
speaks of the fire-setting system being employed, and gives a frightful picture of the suflEer- 
ings of the slaves and captives condemned to toil in the mines. Pliny also mentions the fire- 
setting system, and, according to Livy, Hannibal used it in crossing the Alps, when he is said 
to have cooled the rocks with vinegar after heating them. 

This use of fire under ground, of course, gave a fearfully vitiated atmosphere. The only 
device of which we have any record as being used by the ancients to improve the ventilation, 
consisted in waving large sheets of cloth over the mouths of the shaft and slope-openings. 
These, acting as fans, agitated the air, and afforded some sligjit relief. 

In the middle ages, the fire-setting system was employed both in warfare and in mining. 
Figs. 1 and 2 are from Agricola's " de Re Metallica," Basel, 1556,* and show^ devices used 
at that time in Germany for improving the ventilation. In Fig. 1, the wind blows against 
the frame D D, and is deflected down the shaft. In Fig. 2, the wind is allowed to blow into 
the cask A, through tlie opening C, whence it passes dowm through the pipe D. The rudder 
H served to keep the opening in the barrel facing toward the wind. At the present day, the 
" fire-setting " system is still used in the Rammelsberg at Goslar, at Felsobanya in Sieben- 
biirgen, and in some mining regions in Russia, Norway, and Sweden.f 

Also, Professor H. S. Munroe tells us that the system is to-day in extensive use in Japan 
for driving long mining tunnels. In Europe, it seems now only to be applied in the case of 
very hard rock, and where free ventilation is attainable, but rarely in mining sulphurous or 
arsenious ores, on account of the vapors generated by the partial roasting effected ; though 
Lohneyss tells us, in his " Bericht vom Bergkwerck " (1617), that in those days the miners 
suffered greatly from the vapors ; also, that in the mines of St. Georg, silver is actually said 
to have flowed in liquid form from the veins on account of the heat. Figs. 3 and 4 are also 
from Agricola, and show the fire system as practiced in Germany at that time. 

There has been an attempt lately made by Hugon,J at the Challanges Mines in France, to 
apply fire ^o rock excavation ; he constructed a large furnace on wheels, so arranged that a 

♦ From a copy in Library of Eckley B. Coxe, Drif ton, Pa. 

t See L. Simonin'8 '* Underground Life " tranalated by H. W. Bristow, p. 4ia 

i *' Laltfaden aur Bergbaukunde," von Dr. Albert Serlo. Berlin, t878. 
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Btroiig drHiight siioiild iMss out it the front, and thus throw- the flame dire(;tly Hgaiiist tho 
rock face 

In the few locahtiee 'uhere tlie old lire Eyeteiii is now used, it is cliieiiy applied to enlarg- 




PHIMITIVE VENTILATING APPARATUS. 

(From Agilcol«'s"de tlcMcta|]lcn,"l!ted.. BDeet, ISM.) 

ing a drift or clianibei" in very hard "rock, eq)eciallj in cases where it is desired to bring down 
the roof ; and the question has been mooted whether, in Bome exceptionally rare cases of large 
tncnels driven with a bottom heading in hard rock, requiring no timbering, the fire system 
might not profitably be used in enlarging ; there would remain, however the question — even 
Eupposing the s^'stem to be a practicable one — whether there would not be great risk of shatter- 
ing, and so rendering dangerous to an uncertain depth, a roof which by ordinary driving 
would be perfectly safe. 

It has been surmised that the use of the diamond for i-ock-boring and cutting was known 
to the ancients, and tliat M. Leschot's laurels are but leaves gathered from a twig»springing 
from the root buried in far distant ages. By referring to ancient writers — Pliny, Italinnji 
Vitori, I^pidarium of Marbodus — we find that diamonds formed an important adjunct to the 
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"hewers of stone" «s well as tUe lapidary. And it is thought hj Eastern writers,* that 
diamond (shamer) pointed tools were nsed in the construction of Solomon's temple, where 
" there was neither hammer, nov axe, nor any tool of iron heard in the house while it was in 
building." 

To go back to first principles, we must allow that the Egyptians, in this as in tiieir many 




other arts, led the world by many centnries. How the wonderful subterranean constmctions 
of both ancient Egypt and India were ever carried tlirongh, we would now be at a loss to 
conceive, did we not remember that, in both, tlie mass of the people were but slaves, subjected 
to the despotic will of the few. Moreover, the strong religious fanaticism of the masses, and 
the unlimited i>ower possessed by their monarchs, enabled tlie latter to constmct works, still 
existing in fact or record, marvelous in their magnitude and grandeur : the grottos of Samoim 
and of the crocodiles in Upper Egypt,t not far frotn Monfalout ; tlic caverns of Tliel>e9, 
arnountirig in the aggregate to over fifteen leagues in length ; the tonil)s of Memphis, situated. 



" EngiQeering," May 5, 1878, \>. 377. 
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THE FIRE-SETTING SYSTEM OF EXCAVATION. 

CnDm AgifcolB'i " BeiBwerek Boch" {3d ed. of " do He Metsltlca"), Bueil, IMI). 
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many of tliein, more than twenty-five yards below the Burfaco of the ground ; and the cata- 
combs of Alexandria. 

Both in Egypt proper aad iu Nubia, the Egyptians were in the habit of excavating monu- 




Pro.*. 
THE KIRE-SETTINO SYSTEM OF EXCAVATION, 

(From Agricoln'B " He Re Mctillicii," let cd., Buol, 1SB6.) 

ments from the living rock,* but with this curious distinction : with scarcely an exception, all 
the excavations in Egypt propei- are tombs, and no important example of a rock-cut temple 
has yet been discovered ; in Nubia, on the other hand, all the excavations are temples, and no 
tombs of importance are to be fonnd anywhere. Like all rock-cut temples, these Nubian ones 
are copies of stnictural buildings, only more or less modified to suit the exigencies of their 
situation — a situation that did not admit of vei-y great development inside, as light and air 
could only be introduced from the one opening of the doorway. 

Tlic principal examples of this class of monuments are the two at Ipsambonl, the 
largest of which is the finest of its class known to exist anywhere. Its total depth from the 

• ForgussoD's '■■ Historj of Architecture," p. 113. 
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face of tlie rock is 150 feet, divided into two large halls and three cells, the whole connected 
by paseages. Externally, the fayade is about 100 feet high, and is adorned by four of the 
most magnificent colossi in Egypt, eHch 70 feet in height, cut out of the solid rock, and 
representing King IRameses II., who caused the excavation to be made. Fig. 5 shows a 
longitudinal section of this liall. 




the above, 
there is a very beantiful 
though small example at 
Kalabsche, likewise be- 
longing to the age of 
Barneses II. ; there are, 
moreover, smaller temples 
at Derri and Balagne. At 
Essabua, Girsheh, and 
Dandour, the cells of the 
temple have been exca- 
vated from the rock, bat 
their courts and propylons 
are structural buildings 
added in front. This last 
arrangement is found also 
as a characteristic of clie 
temples of Gibel Barkal, in tlie kingdom of Meroe, showing how far the rock^cntting prac- 
tice prevailed in the upper valley of the Nile. 

As all these temples are contemporary with the great structures in Egypt, it seems 
strange that the eternity of a rock-cut example did not recommend this form of temple to the, 
attention of the Egj-ptians themselves. But, with the exception of a small grotto called the 
Speos Artemidos, near Beai Hassan, and two small caves at Silsilis, the Egyptians seem 
never to liave attempted it, trusting apparently to the solidity of their masonic structures for 
that eternity of duration to which they aspired. It is said by Fergusson that every circumstance 
seems to point to the fact, that, if there was any connection between Africa and India, it was 
with the provinces in the upper part of the valley of the Nile, and not with Egypt proper. 
Tliis distinction is of great interest, for now, on tnming to the history of rock excavntion in 
India, we shall see tliat the rock-cut temples there are the finest examples of subterranean 
excavation that the world lias ever known. 

The Hindu * caves and rock-cut temples are not as ancient as those of Egjpt, the oldest 
dating back only to between the second and third centuries b.c., whereas the Ipsamboul 
Temple, above described, is said to date Ijack as far as 1500 b.c., or to the reign of Barneses II, 
These Hindu caves occur in groups, the number in a group in some cases reaching as 
higli as 100 distinct excavations. It has been estimated that, in all, there are not less than 
1000 of them, of which 100 may be of Brahminical or Jaina origin, and the remainder Bud- 
dhist ; the large majority of the latter being used as monasteries. Nine tenths of the eaves 
now known are within the confines of the Bombay Presidsncy ; owing probably to the fact 
that the rock in that locality is especially adapted to the work, being composed of various 
trap formations of uniform texture, and occurring in abrupt perpendicular cliffs, with few 
flaws or faults in the rock. The earliest work seems to have been done about 543 b-c, in 



* See Ferg-usBon's" lUustratioDSof tlie Bock-cat Templea ot Iiulia," and Ills " Hiator7 of lodian and Eastern 
Architecture." Also General Ciinningham'a " Archteological Beporta;" and " Monuments Anciens et Modernes," 
par Julen daUhabaud. 
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improving the Satapaniu Cave in the Behar group in Bengal; this, however, was simply a 
natural cave embellished with ornamentation. 

The earliest cavern known is the Sndarna or Nigopo Cave, cut in the twelfth year of the 





Fig. 6 (a). 

aodvna or NIgopa Cbts. 



reign of Asoka, or ahout 26l> to 264 b,c. Its dimensions are given in Fig. Q (a). Fig. 6 (6) 
shows the fagade of the Lomas Rishi Cave, in the same gronp (built about 200 b.c.). Fig. 7 
shows the fa^de of the 
cave at Bhaja, also of 
about this date ; and it is 
interesting to note that in 
these early examples of 
stone-work, the columns 
slope inward. The reason 
assigned for this curious 
conformation is that the 
eaves were cut in imita- 
tion of the earlier wooden- 
roofed temples, and the 
8u])ports were thus sloped 
with Eastern fidelity to 
detail, so as to conform to 
the inward slope of the 
rafter supports of their 
wooden structures. Later 
come the caves of Nas- 
sick, about 129 b.c. It 
should be noted that, in 
all this most beautiful 
early tunnel-woik:, there 
is not a particle of stucco 
or masonry. It was all 
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Fra. 8 (a). 
Plan at CavoslKarll. 



pure lAborioDB catting with hand tools in the hardegt of rock ; and, tmdoubtedly, except per- 
haps in the centre excavations of tlie latest eaves, it -would have been out of the qaeetion to 
risk shaking or cracking the rock by any fire-setting excavation. 

Tlie caves of Karli date about 78 b,c. Figs. 8 (o) and {}) show the ground plan and 

elevation of the largest 
one, and Fig. 8 (c) a view 
of its interior ; in it we 
see that the early archi- 
tectural defects are gone ; 
the pillars of the nave are 
quite perpendicular, and 
in it the style of ornamen- 
tation readied a perfection 
never afterward surpaea- 
ed in the Indian temples. 
The Karli caves and those 
of Ellora are the most 
magnificent in India ; the latter range from 200 to 300, and some perhaps to 600 a.d., and 
their passages and excavations amount in all to over two leagues of underground work, a 
pretty strong example of 
primitive tunneling,, exe- 
cuted by men wlio, though 
they perhaps knew of 
gunpowder, certainly seem 
never to have applied it 
to blasting, and to whom 
dynamite was not even 
a visionary suggestion of 
the distant future. Later 
came the caves of Salsette 
(about 500 A.D.), and those 
of Elephanta (about 800 
A.D.), both on islauds near Bombay. Still later (about 1400 a.d,), the Gwalior caves were 
excavated ; these were among the latest cut, and arc located furtlier north than any of those 
previously cited. 

Among the very famous open-air rock-cut temples of India should be mentioned those of 
Bamian, in Afghanistan, cut in the rocky sides of a pass through the Hindoo Koosb range. 
These open-air temples, however, though undoubtedly rock-work, are not connected with 
tunneling proper. Many of them, it is said, have been defaced by the vandalism of the 
English. This we can readily believe ; troops, for instance, who would stable their horses on 
the magnificent tesselated floors of Delhi, would not hesitate to deface what would appear to 
them the ruder structures of a so-called uncivilized race. Indeed, we are told that the barba- 
rous civilization of the nineteenth centuTy has actually sanctioned the construction of it rail- 
way through the Bamian Paes, in tlie course of which many of these beautiful temples have 
been destroyed. 

TTie custom of constructing subterranean passages, to serve as places of sepulture, was, 
however, by no means confined to the ancient Egyptians and Hindus. The Hebrews, 
Scythians, Greeks, Etruscans, Itomans, Carthaginians, all followed the same custom. 
Carthage liad her catacombs, and we find them now in Asia Minor and Syria ; and those of 
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Kiruria, Sicily, KotDe, Naples, Malta, and Fans show how generally this primitive tunneling 




custom prevailed in Europe, not onh from a ^er\ aiaicut date, but even up to and past Uie 

early Christian era. On the western continent, n e 

find the same custom among the Aztets and Peni 

v'ians. Indeed, we Aniencang have no reabon to 

lie ashamed of our uuLient tunnelmg record, for 

the conduits and even rock-cut tunnels of Mexico 

and Pern were most remarkable 

Among tlie Assynans and Medee, we ftnd tun 
uel-work at an early date, bnt no subterranean sjs 
tern of excavation for purposes of sepulture de\el 
oped on so stupendous a scale as was accomplished 
by the Egyptians and Hindus Their tunnel work 
was rather more practical in its bent Fig 9 
shows a vaulted drain under the south east pal 
ace of Nimroud, 

Diodorus tells us that Semiramie caused 
works to be Bet on foot toward piercing the mount 
ains of Baghistan and Zaracceus At Babylon, a 
tunnel was actually constructed under the Euplira 
tea. On one side of tiie nv er stood the ro> al palace 
or Seraglio, and on the other the tt,inple of Ju 
piter BeloB. Between these edifices there were 

two channels of communication, both stupendous p,_ g 

pieces of work. The first was a bridge of five vuiii«iDminnnder»uih-«-ip.]««of wmtwid. 
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stadia (3034*5 feet) in length, supported by strong piers. The second was an arched tunnel under 
the river, lined with brick, 12 feet high and 15 feet wide. Strabo fixes the widtli of the Euphra- 
tes at only one stadium (606'9 feet), but as it is reasonable to assume that the same allowance 
would be made for overfows and the lowness of banks, in the case of the tunnel as of the bridge, 
it may be held that they were both of nearly the same length. This tunnel, however, can scarcely 
be cited as an example of subaqueous work, as Herodotus tells us that the waters of the 
Euphrates were diverted from their bed before the construction of the bridge and tumiel was 
begun. In Boeotia, a tunnel of very ancient date is said to have been constructed for the 
drainage of Lake Copais. Herodotus mentions a tunnel in the island of Samos, cut through 
a mountain 150 SpyviSi (900 feet) high. Its length M'as seven stadia (4248 feet), and its cross- 
section 8 by 8 feet. The chief -engineer was Eupalinus, the son of Naustrophus, an inhab- 
itant of Megara, and it was built during the sixth century b.c. Elaborate arrangements were 
often made in the ancient cities for drainage and water supply. We are told that when 
Csesar arrived at Alexandria, he found the city almost hollow underneath from the numerous 
aqueducts. Every private dwelling had its reservoir, supplied by subterranean conduits from 
the Nile. 

As we come down to the question of tunneling proper, the modern engineer may well 
pause and study the record of the Romans, though it is j)robable that even they learned the 
art of building their emissaria from the Etruscans. The Romans built tunnels for passage, 
tunnels for drainage, tunnels on their aqueducts, through rock and through earth, not only in 
Italy, but wherever their conquests led them. The I'emains of their great works are con- 
stantly being discovered at the present day, and the excellent preservation of the cement and 
masoniy is a telling comment on that of some of their modem successors. The emissaria, or 
xJrainage-tunnels, first built by the Etruscans, from whom the Romans learned the art, are 
among the grandest engineering achievements of antiquity. In 1858, a tunnel was .discovered 
between Lake Avernus and the ancient city of Cumes, which was probably used for the water 
supply of the city. Only a few yeare since, the French engineers engaged with the surveys 
for a water conduit from Tondja to Bougie in Algiers, made a very interesting and valuable 
discovery. A mountain which was situated in the proposed line of the conduit was to be 
tunnelled for a length of about 450 metres, and in searching for the most suitable place, the 
engineers discovered an ancient tunnel 2*15 metres in height and 0*6 metre in width. It is 
supposed that this is the same tunnel mentioned in an inscription found at Lambessa, accord- 
ing to which the tunnel was built in the reign of Antoninus Pius, the plans being proposed by | 
a veteran of the Third Legion, named Nonius Datus. Another Roman tunnel, about 900 

metres in length, that of > Ilagdek, near Lake Bienna, was lately discovered in Switzerland. ! 

During the construction of a canal from the River Aar to Lake Bienna, numerous shafts, from 
50 to 60 metres apart, were found along its line, and it is supposed to have served as a passage 
for ah ancient highway. Other road-tunnels were the one on the Flaminian road through the 
Apennines, built by Vespasian, and the passage of Pausilippo, in use at the present day, 
between Naples and Pozzuoli, which was built, according to Strabo, by Cocceius, about 36 
B.C. Strabo gives its original length as 1000 paces, the height 30 feet, and width 25 feet. 
A tunnel was constructed in 359 b.c. to tap Lake Albanus, at the instance, Livy tells us, of 
the oracle of Delphi. It was 6000 feet (1500 paces) long, 7 to 8 feet high, and 5 feet wide. 
Fifty shafts were sunk on its line, and the work is said to have been finished within one year, 
though it was driven through the hardest lava. 

As to these shafts, or pute% it is said,* on the authority of Frontinus, that the Romans 
did not use vertical shafts, but that the putei, often called shafts, were in fact slopes, up which 

. ♦ ^Qlia, "Eisenbahn Untor- iind Oborbau/' p. 880. 
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the excavated material was carried. This, however, must rest on a misconception, for on the 
h'ne of the Lake Fucinus Emissarium, lately cleared out by the Neapolitan Government, both 
shafts and slopes occur, and a visitor says of them : " The depth at which the tunnel runs 
underground is very great, some of the perpendicular shafts in the plain being nearly '400 
English feet in depth. Other sloping shafts lead down into the canal from the sides 
of the mountain, and most of these shafts, and the greater part of the main watercourse, had 
been cleared out when I saw them." * Vitruvius speaks of tunnels in clay and sand which 
required arching, and gives it as his opinion that it is necessary to sink one puteus for every 
section of one actus (355*7 m.). 

A similar work to the Lake Albanus Tunnel, but of greater magnitude, was the emissarium 
above referred to, which was undertaken to connect Lake Fucinus (now Celano) with the River 
Liris (now Garigliano) ; 30,000 men were employed on it for eleven years, and some twenty-two 
openings were sunk on the line ; it was finished at a vast expense a.d. 52. Its length is given 
by Livy as being from 3000 to 3500 paces (4446 to 5187 m.) ; its height 19 feet, and width 9 feet. 
In the article in " Blackwood's Magazine," above referred to (" Eight Days in the Abruzzi "), 
there is an account of the modern clearing out of this work by the Neapolitan Government. 
In this article, the writer estimates the length of the tunnel to be about three miles, and, as 
cleared out, the height appeared to be nowhere less than 20 feet ; the width was sufficient to 
allow two working cars to pass : where the tunnel was located through solid rock, there was no 
arching. An invert had been put in, in the places where needed, but it was destroyed in the 
course of the new excavations. 

The accuracy of the surveying in these works is astonishing, when we consider the rude- 
ness of the instruments the ancients had at their command. Among those used in leveling 
by the Komans, were the libra aquaria and dioptra, of which we have no clear descriptions. 
The chorabates seems to have been preferred. It consisted simply of a rod or plank, about 20 
feet long, mounted on two legs at its extremities, of equal length. The rods or legs were 
secured by diagonal braces, on which were marked correctly vertical lines. A plumb-line 
attached at each extremity, and passing over these diagonal braces, indicated whether the 
instrument was level. When the wind prevented the plumb-bobs from remaining stationary, 
a channel in the upper edge of the horizontal rod was filled with water, and if the water 
touched equally both extremities, the level was supposed to be correct ; and then the observa- 
tion of the descent or elevation of the ground was made with accuracy. 

A full work might well be devoted to a consideration of the aqueducts built by the 
Romans, and of the complete system of sewerage introduced in their principal cities ; the 
gewer system of Rome being especially remarkable, where the ancient Cloaca. Maxima, or 
great sewer, may be seen to-day in good preservation, though its utility has been impaired by 
the filling up of the Tiber. Among the covered aqueducts built for the water supply of 
Rome, Frontinus tells us in his " De Aquseductibus," were the 

Aqaa Julia 15,126 paces long, 6,472 paces underground. 

" AnioVetus 48,000 " " 221 " 

" AmoNovns, 58,700 " " 49,300 " 

" Marcia 61,710 " " 54.747 " 

" Appia 11,190 " *' 11,130 " 

" Virgo 14,105 " " 12^65 " 

" Claudia 46,406 " " 36,230 " 

Wherever they went, the Romans left evidences of their great engineering skill, as may 

* " Blnckwood*s Edinburgh Magazine," vol. xxxviii.,, p. 657. 
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bo seen by tlie aqueducts and sewers of Nisines, Lyons, Metz, Rheims, and Jouy, in France ; 
Evora and Lisbon, in Portugal ; and tlie one built at Constantinople by Hadrian, 

After tlxe fall of the Western Empire, we have no marked mention of tunnel-work 
in any form in Europe through the dark ages, except in the subterranean passages, tombs, 
and crypts under castles, cloisters, monasteries, cliurches, etc. There were, indeed, also some 
adits and drifts driven in Germany in connection with the early crude attempts at mining. 
During the middle ages, there is a record of the constraction of a drainage-tunnel from the 
Lake of Montady, near Beziers,* 4462 feet (1360 metres) in lengthjfbut it was not until 
1450 that the modern revival of tunnel construction on a large scale received its first impulse 
from Anne of Lusignan, who in that year commenced the construction of a tunnel in the 
Alps, between Nice and Genoa, through the Col de Tenda (height of tlie pass 1800 m.) The 
work was dropped, but subsequently, according to Kaselowski, continued by Victor Amadeus 
III. in 1782, but finally abandoned in 1794, in consequence of the invasion by the French : 
at this time, sonic 2500 metres of the tunnel are said to have been completed. 

The introduction of gunpowder, however, gave a new zest to the search after the precious 
metals. The idea of using it in military operations was first broached by Pedro Novarro in 
1503, in the Italian campaigns of Gonzalvo de Cordova, though mining and countermining 
may date back to Typhon of Alexandria. Powder was not applied in ordinary raining opera- 
tions until much later, for Agricola's " de Ke Metallica" (Basel, 1556, 1557 % a^id 1621) shows that 
at those dates (Figs. 3 and 4) the fire system of excavation was much used. Figs. 10 and 11 show 
also examples of pick and gad work from Agricola. The methods of timbering drifts, how- 
ever, are shown, both in Agricola's work, and also in Lohneyss's " Bericht vom Bergkwerck " 
(1617), to have been very much the tame two hundred and fifty years ago as they are now 
(see Fig. 3). The only advance that has been made in modern times, in the art of timbering, 
has been in extending the old methods common in mining to cover the larger tunnels driven 
on canals and railroads. Schoen § states that, in the province of North Eumiilien (Rou- 
raania) in Turkey, near Katschanik, he found a spacious road tunnel through gneiss, exca- 
vated by the Turks some two hundred years ago. Road-tunnels are found also in Austria, 
built during the last two centuries, and excavated through the solid rock. 

The stupendous mining systems of Germany and England furnished a school of men who 
were trained to grapple with the difficulties of drifting in mining, so that on the revival of 
engineering in the last century, large tunnels began again to be cut through solid rock on 
canals, though it was not until the present century that the attempt was first successfully 
made (in the caso of the earlier Thames Tunnel) to tunnel through soft ground. In this, the 
English arc said to have been the first, so that their system is the legitimate outgrowth of the 
longest experience. Tliey were subsequently followed by the French, Belgians, Germans, 
and Austrians, and we Americans have naturally derived the main features of our sj'^stem of 
soft-ground ex(;avation from that pursued in the mother country. 

The list of the wide tunnels of modem times was first opened by Riquet^ a French 
engineer, who, in 167l?-'81, built the Malpas Tunnel, 515 feet (157 m.) long, 22 feet wide, 
and 27 feet liigh, on the Languedoc Canal. It was arched some ten years later. This 
tunnel is said to have been commenced in 1665, with the support of Colbert, and it was the 
first modem tunnel constructed for transportation, in the commercial sense of the word. A few 
years later, the Campmaze subterranean conduit, 416^ feet (127 m.), was built in France on 
an irrigation canal. There is no further record of tunneling in France until the Rive de Gier 
Tunnel, 551 feet (168 m.), on the Givors Canal, was built a century lat-er, in 1770, and the 

* Bunetiii No. 5, 1856» Corps des Fonts et Cliaussees. 

f Also the Moors are said to have driven some irrigfation tunnels in Spain, 

X Ed, of 1557 was the first in Oerman, and was called " Vom Bergkwerck." § " Der Tunnelban," p. 8. 
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Torey Tunnel, on tlie Centre Canal, in 1 787. Tlie conetnictiou of the. Malpas Tunnel opened 
a new era in inland navigation, as it 6liowe<l that canals conld bo carried thronglt localities be- 
fore considered impassable. Canal-building proper, however, it is said, was first revived, in 
modem times, in Italy, and in the low countries (Netherlands). 




BHUSHISO THE BAD AIR OUT BT SHAKING A CLOTH. 

(From Aeiicola'H " Aa Itc MclnlKca," IM cd.. Bud, lEM.) 

Canal-building began in England by the amstniction of the Duke of Brldgewater's 
Canal, lOJ- miles long, from Worsley Mill to Manchester ; built by James Brindley, engineer, 
and designed to afford a direct transport outlet from the duke's coal-mines. Tlie act of 
Parliament authorizing the construction of this work was passed in 1759, ntnended in 1760, 
and the first boat-load of coal was taken over the Barton Viaduct on July 17tli, 17fil. At Wors- 
ley, where a ]ai^e basin wasexcavated of Buflicient capacity to contain agreat many boats, the 
canal did not stop, but entered the hill by a tunnel, the coal being directly sliipped on the 
boats in the mines. This tunnel in Brindley's time was constructed about one mile in length, 
reaching io tlic different workings. It has since been enlarged with the mines, and is said in 
the aggregate to comprise over forty miles in all of subterranean navigation. These many 
canal-passages, however, can scarcely be called hinneh in the general sense of the word. 
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The earliest tunnel proper on an English canal, and the second modern tunnel in point 
of date, was the Harecastle Tunnel No. 1, situated on the Grand Trunk Canal (Trent and 
Mersey), projected by Mr. John Gnindy, in 1761 ; the tunnel itself being built by Mr. James 
Brindley. Work was begun in 1766, and the heavier portion was completed in nine years ; 
though the tunnel was not finally ready for opening until 1777. It was 2880 yards in length, 
9 feet wide, and 12 feet high, and it would only |>ermit a 7-foot boat, with a moderate load- 
ing, to pass. The passing was accomplished by leggers, so-called, a class of men who, lying 
upon their backs upon the freight, pushed against the sides and top of the roof with their feet, 
and thus moved the boat onward. 

With this canal, tunnel-building on a large scale was fairly started in England ; the canal 
was built largely in the interest of the Duke of Bridgewater, being commenced immediately 
on the successful completion of his first canal from Worsley to Manchester. The whole 
length was about 139^ miles, including the junctions with the Birmingham Canal and the 
river Severn ; its objegt being to connect the Mersey with the Trent, and both with the 
Severn. Starting from the duke's canal at Preston on the Hill, it passed to a summit at the 
Harecastle No. 1 Tunnel, thence descending to the Valley of the Trent, which it followed 
to a junction with the Trent at Wilden Ferry. On the whole length of the canal, there 
were originally five tunnels : the Harecastle Xo. 1, 2880 yards long, 9 feet wide by 12 feet 
high ; Hermitage, 130 yards ; Bamton, 560 yards ; Saltersford, 350 yards ; Preston on the 
Hill, 1241 yaixis — the four latter all 17' V high and 13' 6^^ wide; and subsequently a 
sixth, the Harecastle No. 2, 2926 yards long, built by Telford in 1824, and located parallel to 
and only 26 yards distant from No. 1. The similarity of name has caused some confusion, 
so in this work the author has taken the liberty of distinguishing them as No. 1 and No. 2. 
The second tunnel was built owing to the first being found too small to accommodate traffic, 
as, from the "legging" operation, it required some two hours to pass a boat through the 
old tunnel. The new tunnel was built 16 feet high and 14 feet wide, of which 4' 9* was 
occupied by the towing-path, leaving 9' 3" of clear water. The Rive de Gier Tunnel (1770), 
on the Givors Canal, the Torcy Tunnel (1787), on the Centre Canal (both in France), were 
mentioned above : then came the Blisworth Tunnel (1798) in England, located on the Grand 
Junction Canal, 2820 m. long. There were also a number of early tunnels built on the 
various mountain-passes over the Alps, constructed at periods from 1801 to 1830. 

These early tunnels, however, were all through hard ground, and their method of 
constniction was therefore much similar to drifting on a large scale. In 1798, however, the 
earliest proposition was made for that work, which first showed tunneling through soft 
ground (and in this case the very softest) was practicable. It was then that Dodd proposed the 
communication between Gravesend and Tilbury by a passage under the Thames. In 1802, 
Vazie projected a tunnel from Eotherhithe to Limehouse. The project of a tunnel at 
Eotherhithe was also agitated by Chapman in 1804, but it was not until 1807 that a company 
was formed and work started. In that year, a shaft was snnk by Trevethick, and arrange- 
ments made to start the driftway, wliich was stopped in 1808 on acc6unt of an inflow of 
water ; but the project was revived by Sir M. I. Brunei in 1823, who started the work anew 
on the 1st of January, 1826. In 1827, it was again abandoned upon a second irruption of 
water. In 1835, the government made some advances of money, and the work was resumed 
in March, 1836, with anew shield ; the water again broke in on June 11th, 1836, and stopped 
the work for six weeks, after which it was puslied steadily to its conclusion in 1842. 

We must not here forget the Tronquoy Tunnel, on the St. Quentin jDanal, in France, 
built through sandy ground in 1803 ; for though the Thames Tunnel was proposed in 1798, 
we have seen that work on the one finally completed was not actually begun until 1807, so 
that the Tronquoy Tunnel was in fact the earliest tunnel built through ground requii'ing 
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arching; but owing to its prominence, the Thames Tunnel probably exerted greater influence 
on the subsequent history of tunnel construction. 

It is also of interest to note that it is said that at Tronquoy a steam-engine was already in 
use in 1803. Starting almost simultaneously with the Tronquoy Tunnel was built the 
Riqueval Tunnel, also in 1803, on the same canal, and later also in France the tunnels of 
Noirieu, on the St. Quentin Canal (1822), St. Aignan (1822), Pouilly, on the Bourgogne 
Canal (1824), and then the Harecastle Tunnel No. 2 (1824), on the Grand Tnmk Canal 
(Trent and Mersey), England, cited above. 

In 1856, there were in England over forty-five tunnels on the various canals, aggregating 
some 219,827 feet (67,000 metres) in length, and in France about twenty, of a total length of 
28,500 metres ; among them the Noirieu Tunnel alone was some 12,000 metres long ; also, 
among the earlier tunnels of the centurj', may be cited one on the Carlsgraf Canal, in 
Sweden, and another on the Castile Canal (6000 metres long) in Spain. 

From the very beginning of tunneling, B2iha has traced the development of the several 
systems of tunnel construction now in vogue in Europe, which will be elaborated in the 
following work, under the heads of the English, Belgian, German, and Austrian systems. 
The English, adhering to the example set in the Thames Tunnel, take out the full cross- 
saction at once; the Belgians follow the principles of the tunnel built in 1828 on the 
Charleroy Canal ; the Germans the system originally developed in the tunnels of Tronquoy 
and Pouilly, and advocated by Wiebeking, in 1814, as following the centre-core system also 
in use in the construction of the broad Bavarian beer-cellars. This centre-core system lias 
been fixed in its distinctive nomenclature as the German system, but De Bauve, in the 
treatise on tunneling in his " Manuel de ringeniem*," has claimed it as the " French system," 
and it would seem with good reason, as it is admitted to have been devised and first put in 
execution by French engineers on a French tunnel (that of Tronquoy). The Austrians finally 
developed a plan corresponding to and based on the timber system in vogue in the Freiberg 
mines, and first applied by Meixner, in the construction of the Oberau Tunnel in Saxony 
(1837), and by Keissler, at the Gumpoldskirch Timnel, near Yienna-Neustadt, in Austria 
(1839). 

The first tunnel built on a horse-railroad (according to Rziha)* was the Terre-noire single- 
track, near St. Etienne, in France, on the Eoanne-Andrezieux horse-line, begun in 1826 : 
4921^ feet (1500 m.) long, 9-8 feet (3 in.) wide at springing line, and 16-4 feet (5 m.) clear 
height. In the Bulletin No. 5 (1856) of the Corps des Fonts et Chaussees, p. 5, there is 
also mention of a " Terre-noire " Tunnel, 1499 m. long, which, with some fourteen others, 
was built on the road from St. Etienne to Lyons in 1828-'33 ; in this reference, the tunnels of 
Neavx on the Andrtziexix-Ttoanne Road are also mentioned as preceding steam railway tun- 
nels. The first tunnels on a railroad on which locomotives were used were the two constructed 
on the Liverpool and Manchester Railroad, which was commenced by George Stephenson in 
1826, and opened to traflic in 1830, though it was in October, 1829, that the memorable trial 
between the " Eocket," " Novelty," and " Sans Pareil " locomotives took place on this road. 
The first locomotive was used in England on the Stockton and Darlington line, opened in 1825. 

In this connection, it is hardly necessary for us to touch on the early days of the steam- 
engine.f It may be well, however, to recall the leading dates pertaining to its history. 
The steam-engine was of slow development. For a century and a half, it had been experi- 
mented upon : by the Marquis of Worcester, to elevate water at Vauxhall, in 1656 ; by 
Pepin (who appears to have been the inventor of the principle of the safety-valve), in 1680 ; 
by Newcomen and Cawley, who completed an engine in 1710 ; by Savary, a Cornish miner, 
who constructed one to pump water from a mine in 1718 ; and by James Watt, who, about 

» *' Eisenbalin- Unter- und Oberbau," p. 835. \ See Prof. R. H. Thurston's " Growth of the Steam Eoigr^e" 
for the best elaboration of this subject. 
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1770, succeeded in bringing it to something like perfection. This new power liad been 
utilized on laud and water. It had been made to assist the miners, to drive machinery, and to 
propel boats. The records of the province of Catalonia, in Spain, prove that, in 1543, Blasco 
de Garay, an officer in the service of the Emperor Charles V., made an experiment at 
Barcelona with a vessel which he forced through the water by means of steam generated in a 
large kettle.* While his experiment was successful, the results were not practically applied, 
and tlie matter was soon forgotten. Other experiments followed during the next two 
hundred years in different parts of Europe. Finally, in 1775, John Fitch, a citizen of Bucks 
County, Pennsylvania, a watch and clock maker by trade, commenced experimenting on the 
subject. He appears to have had no knowledge of even the existence of such a thing as the 
steam-engine, and ho made every thing he needed as his experiments progressed, and in 1787 
he actually completed, in all its details, a steamboat, with which he navigated the Delaware 
River successfully. Instead of paddle-wheels, the steam-power was applied to a number of 
oars, which worked upon either side of the boat in the ordinary manner. David Bittenhouse, 
the astronomer, certified, in December, 1787, that he had frequently seen Mr. Fitch's boat, and 
had been on board when it was " worked against wind and tide with considerable velocity by 
the force of steam only." Fitch continued his experiments, and, in 1790, advertised to carry 
passengers regularly to and from Burlington, Bristol, Bordentown, and Trenton, on the Dela- 
ware. The boat at that time ran, on an averrge, seven and a half miles per hour. Fitch, 
however, was in advance of his times ; money was wanting to carry his project to full develop- 
ment and fruition. Finally, disheartened and impoverished, he became a wanderer over the 
world, and at last committed suicide in Kentucky, where his remains rest in an unmarked and 
almost unknown grave. In 1807, Robert Fulton, to whom the credit of inventing the steam- 
boat is generally attributed, perfected his steamboat, and tried it upon the Hudson. His first 
attempt was made upon the Seine in 1803. 

To return to the history of the steam-engine proper. In 1804', Richard Trevethick, fore- 
man of a tin mine in Cornwall, completed a locomotive, which was tried on thei Merthyr- 
Tydvil Railroad, in Wales. This machine was imperfectly constructed, and did not last long, 
but it demonstrated the fact that locomotives could be made practicable. In 1813, Geoi^ 
Stephenson commenced the construction of his first locomotive, whicli he completed in 1814. 
After this, he built others, improving each time, until his " Rocket " took the premium on the 
grand test in October, 1829, on tlie Liverpool and Manchester Railroad. Among those who 
advocated the railroad previously to Stephenson's final success was Dr. James Anderson, 
who, in 1800, in a work entitled " Recreations in Agriculture," suggested the constniction of 
railroads by the side of turnpikes, and was so minute in his details as to how they should be 
made, that his description might almost pass for that of a modem railroad. Also, about 1820, 
Thomas Gray commenced advocating the introduction of a general railway system similar to 
that now in use, and persevered in its advocacy until he was pronounced insane. Long before 
the opening of the Stockton and Darlington Railway, iron railways with horse transportation 
had been in use at the English collieries. 

As to the early history of coal transportation, we find that " waggons and waines " 
were used at the English collieries at an early date ; for Grey, in his " Chorographia " (1649), 
says of the coal trade of Newcastle-upon-Tyne : 

(P. 19.) " Tliere come fometimes into this river for coales, three hundred fayles of 
Ihips." 

(Pp. 24 and 25.) " Many thoufand people are imployed in this trade of coales ; many 
live by working of them in the pits : many live by conveying them in waggons and waines to 
the River Tine : many men are imployed in conveying the coales in keeles from the ftathes 

* Wm. P. Sipes's " ffistory of the Pennsylvania Railroad." Philadelphia, 1875, p. 2. 
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aboaixl the fhips : one coal merchant implojeth five hundred or a thousand in his works of 
coales : yet^ for all of his labor, care, and cof t, can f carce live of his trade : nay many of them 
hatli confumed and fpent great eftates and dyed beggars. I can remember one of many that 
rayfed his ef tate by coale trade ; many I remember that hath wafted great eftates/* 

(P. 26.) ^^ Some South gentlemen have upon great hope of benefit come into this 
country to hazard their monies in coale pits — Mafter Beaumont, a gentleman of great inge- 
nuity and rare parts, adventuring into our mines with his thirty thoufand pounds ; who 
brought with him many rare engines not known then in thefe parts ; as the art to boore with 
iron rodds, to try the deepneffe and thicknefi!e of the coale ; rare engines to draw water out 
of the pits ; waggons with one horf e to carry down coales from the pits to the f tathes to the 
riter, &c. Within few years he confumed all his money, and rode Iiome upon his light horf e." 

" The coale trade began not paft four-fcore years fince ; coales in former times was only 
uf ed by f miths, and for burning of lime ; woods in the f outh paits of London, and other cities 
and towns growing populous, made the trade for coale increafe yearely, and many great fliips 
of burthen built, fo that there was more coales wanted in one yeare than was in feven yeares, 
forty yeares by paft. This great trade hath made this towne to flourifh in all trades." 

In these extiiacts from Grey, however, there is no mention of tramways ; these were ! 

plainly in use in the north of England in 1676, for Lord Keeper Guildford, who rode the 
northern circuit that year, thus describes them : * " The manner of the carriage is by laying 
rails of timber from the colliery down to the river exactly straight and parallel ; and bulky cars 
are made with four rowlets fitting these rails, whereby the carriage is so easy that one horse 
will draw down four or five chaldron of coal, and is an immense benefit to the coal merchants." 

Brand tells us of these wagons in his " History of Newcastle" (1789, vol, ii.,p. 687), that 
'^ the first waggons are said to have wanted the conveniencies of letting out at the bottom, 
having been emptied with shovels like the present ballast waggons. It appeara by the old 
books of the Hostmen's Company, a.d. 1600, that the then coal waines contained eight bowls 
of coal, and some scarce seven bowls. The present waggons contain more than twice that 
quantity." Also (p. 687) Brand says : " Tliere is a tradition among the people belonging to 
the coal works that the first waggon that was used for this purpose in the vicinity of New- 
castle was lined with tin, and filled with the liquor called punch. It is easy to conjecture 
that the unlading of such a waggon would prove a very grateful task to the thirsty workmen." 

When the " waggon-ways " were first protected by iron sheeting, it is difficult to ascertain 
positively. In 1610, there was a patent granted to Simon Sturtevant (for thirty-one years) 
" for divers mechanic arts and myfteries of his own invention, whereby all kinds of workes and 

materials, as iron, fteele, lead, and fuch like, may bee well made and 

wroughte with fea coale, pit coale, earth coale, and bruf h fuel, whereof the woodes now 

generally wafted may be preferved." f Also, a patent for founding iron with coal 

was granted to Simon Startwort in 1622 ; :j: he, however, did not succeed with the business, 
and we subsequently find § " that there occurs among the projected monopolies of the year 
1627 a charter to three persons for the sole practice of their new invention for the melting of 
iron ore, and making the same into cast works and bars, with sea coal and pit coal only." | 

* " History of Newcastle." Brand, 1789, vol. ii.. p. 687. 

f Weale's " Quar. Papers on Engineering/' vol. v. 

X *• The Coal Regions of Pennsylvania," by B. C. Bowen, 1848. 

§ Brand's" History of Newcastle," London, 1789, vol. 11., p. 280. 

I However, iron- founding in England dates back to tbe fifteenth centary. Charles Wilkins, in his "History 
of Merthyr-Tydvil," cites an iron plate standing under the hammer-block on the site of an old famace near 
Troedyrhiw, which was found to bear the date 1478 ; also he says further : " One hundred years after this date, a 
record exists of iron works erected opposite Duffryn Furnace ;" and *' in the days of Elizabeth (i. «., alx>nt 1570) iron 
furnaces were at work about Merthyr, but they all used wood." (British Parliamentary Report on Coal, vol. i., 
1871, App. 31.) 
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In 1750, there are said * to have been 300 furnaces in England, yielding about 75,000 
tons of metal annually, and that, after the successful application of coal to iron-making, the 
number was nearly quadrupled in one year, and from 1796 the iron trade of England may be 
said to have effectively commenced. According to George Stephenson, the first rails wholly 
made of iron were caat in 1766.t The Surrey Iron Railway Company (1801) was the first 
incorporated by act of Parliament for purposes of transportation, but before the locomotive 
was introduced on the Stockton and Darlington line, these railways were chiefly for coal traffic. 

Tunnels, of course, multiplied rapidly in England with the extension of railways, and 
during the twelve or fifteen years following the construction of the Liverpool and Manchester 
line, there were a large number of tunnels built throughout the kingdom, among them 
being the famous Kilsby, Box, and Woodhead tunnels. The first tunnels on a steam- 
railway in France were those built on the St. Germain line in 1837. Subsequently, the ones 
on the Versailles, the Gard, and the Eouen lines raised the total length of tunnels in France in 
1845 to 12,833 m. (42,105 feet.) The report of the Corps des Fonts et Chauss^es % o^ tunnels 
for 1856, shows at that date a total on French railroads of 126 tunnels, of a total length of 65,106 
metres. It also appears that there were then 62 additional ones proposed, of a total length of 
41,000 metres, 22,783 metres being actually under construction. Among the noted early 
French tunnels may be cited the Nerthe, Arsch wilier, Rilly, La Motte, Lormont, and Alouette. 
In Belgium, the Cumptieh Tunnel, built in 1835, on the " Chemin de I'Etat," seems to 
have been the earliest. In Germany (Prussia and other states), the earlier lines were so 
located as to not require much tunnel-work ; and we have seen that the Oberau Tunnel (1839), 
on the Leipsic-Dresden line, in Saxony, was the first. In Austria, we have seen that Bziha 
gives the Guinpoldskirch Tunnel as the first. A tunnel at Eriebitz (perhaps the same), on the 
" North " line, is mentioned in the Fonts et Chau8s6es Report (above cited) as an early 
Austrian one. In 1856, there were some 50 tunnels in Austria, of a total length of 13,522 
metres. In Italy, the Naples-Castelamare line, opened in 1840, had several tunnels. In 1856, 
the total Italian tunnels amounted to 10,181 m. ; the Bologna-Pistojaline is especially remark- 
able for its semi-subterranean character. Among the early Swiss tunnels especially to be noted 
is the Hauenstein, commenced in 1853 and finished in 1858. 

The history of tunneling after the construction of the earlier lines is, of course, identical 
with that of the various railway systems, until tunneling, in the inception of the Mont Ceuis 
Tunnel in Europe and the Iloosac Tunnel in America, entered its last and greatest phase, that 
introduced by the adoption of machine rock-drills and high explosives. And now it is time 
tliatwe should turn and trace the history of tunneling on the west of the Atlantic ; and to do 
so, it will be necessary first to take a short retrospect of the early history of canal and railroad 
engineering in America, and note, in concise form, the dates at which the several States 
began their systems of internal improvements. 

It appears that the first large canal located in the United States was the Schuylkill 
and Susquehanna (Union Canal), in Pennsylvania, on which work was actually commenced in 
1791. In the very early work in Pennsylvania should also be included a canal around the 
Conewago Falls of the Susquehanna, \\ miles long, built by a company chartered in 1793, 
and executed soon after. Among the early pieces of canal-work in the country should be also 
noted some commenced and partially finished on the Dismal Swamp Canal, in North Carolina, 
between 1786 and 1791 ; also some work was done about the same time on the Potomac, 
James, and Rappahannock Rivers. The Hadley Canal, 2 miles long, and the Montague 

* " The Coal Regions of PennBylvania," by E. C. Bo wen, 1848. 

t See "The Pennsylvania Railroad," by Wm. B. JSipes, Philadelphia, 1875, p. 3, "Early English RaUroadfl." 

X Bulletin No. 5, 1856. " Statistiques den Ouvrages d'Art." 
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TABLE 1 * 
Earlt Canals and Railroads of the United States and Canada. 

4 

CAKAIA. 



■TATIC. 


XAMK. 


Alabftma 


Muacio Shoals. 


CoDDectlcat 


Farmington. 


Delaware 


Chesapeake and Dela- 
ware. 


Florida. 


Lake Wlnico and St. Jo- 


Georgia 


seph's Canal and Rail- 
road. 
Savannah, Ogcecheo and 




Alatamaha. 


Loalilana 


Carondelct 


ti 


Orleans Bank. 


Maine 


Cumberland and Oxford. 


MasaachoMita.... 


South Hadley. 


• • • * 


Montague. 


• • • ■ 


Middlesex. 


Maryland 


Chesapeake and Ohio. 


New Hanpablre.. 


Bow. 


New Jereey 


Delaware and Rarltan. 


«• t« 


Morris. 


NewYork 


Mohawk and LitUe Falla. 


«% t* 


Rome. 


•t %% 


Champlaln. 




Brie. 



LOCATION. 



Along the Tennessee River. 
New Haven to Soffleld. 
JDclaward River to Chesapeake (, 






( 



4t 



North Carolina... 

Ohio* 

Pennsylvania. 



Delaware and Hodson. 
Dismal Swamp. 
Ohio and Eric. 



r 



] 



Now Orleans to Bayon St. Johns. 

j New Orleans to Lake Pontchar- 1 
1 train. ( 

S From tidewater near Portlan.l to \ 
\ cndj}t Long Pond. i 

\ For passing raplda on Connecticut ( 

\ Rivtr at South Hadle}'. ) 

S For passing Montague PsUs on ^ 

tlie Connecticut River. 

Connecting Boston Harbor, at 

Charlestown, with Meirimac 

(now Lowell) on the Merrlmac * 

River. j 

Georgetown, D. C, to Pittsbnnr, 
Pa., along s. w. Itorder of Mary- 
land; stops at Cumberland. 

'At Gardner's Falls, four miles' 
below Concord. 



I 



Bordentown to Trenton, 
1 hence to New Brunswick. 



and 



\ 



\ Phillipebnrg to Newark and Jer- 
} seyClty. i 

jAt the LitUe Falls of Mohawk) 
) River. f 

J Connecting Mohawk River and ( 
\ Wood Creek at Rome. 

Bria Canal to Whitehall, N. Y. 
Albany to Boftlo. 



I 



LBNOTH nX 
MtLBS. 



66 

13 
16 



DATS. 



\ 



35^ miles completed before 

i Commenced 18S5 ; completed 
I prior to 1880. 
Woik begun 1804 and subse- 



l Woik begi 
< qnenlly 
( edl8S»; 



suspended; relocat- v 
completed IfiW. 

J Incorporated 1835; completed (. 
1 183tt. f 

j Commenced 1885; completed ( 

I Charier sranted 1806. Built i 
( soon after. f 



4M 

«)X(Al8oS0 ( 

of river •{ Completed 26S9. 
navigation) , ( 

^ Built by a company; charier- L 

cd in 1T98. f 

Built by a company ; charter- ( 

edinlTOS. ) 

Incorporated in 1T80: com-1 
menced 1798 : opened 1804 ; L 
completed 1808. '^ 



S7 



8414 



42 



Commeneed 
1S60. 



18S8 ; opened 



OUOZNAL 
COST. 



$571,885 
600,000 

9,760,000 



166,000 

1... 

1,000,000 

£50.000 



1 

s 

11 (76 also 

of river 
narigation) 



{ 



Completed 1818. 

Incorporated in 1884; com- 1 
1881 ; completed L 



menoed 
1884. 



( From Hadaon Klvrr (near King 
\ stott, N. Y.) to Honesdale, Pa. , 

1 Cut through the great swamp at i 

2 the n. e. oomer of North Caro- v 
( Una and s. e. comer of Vir!!lnia. ) 

Portsmouth to CICTcland. 



I I 



«» 



Rhode Island. 



Soath Carolina. . . ISantec 



SchoylkUl antl Susque- j From Schnvlkill River, near Read- 
haana, subsequently ^ ing, to Mlddlcion, on the Sus- 
*' Union canal.'' | quchanna. 

Philadelphia to Norristown. 

Philadelphia to Port Carbon. 

Easton to Whitehaven. 

Susquehanna Division (Central). 

S Providence, R, I., to Worcester, i 
} Maca. I 

I Connects Charleston Harbor with [ 
\ Santoe River. f 



Delaware and SchuylkilL 

I 

I 

SchoylkiU Navigation. 

Ldiigh Navigation. 
Pennsylvania OsnaLt 
Blackstottc. 




Commonced 182Sw 

1796. 

1793. 

i Commenced 1816 ; completed ) 
1819. * 



. 



180 mllea 

opened in 

1850 at It cost 

of about 

$i8,oov,ooa 

95.000 
2.»XI.O0O 



1,179,878 

Origiiialcost 
before cn- 



j Commenced Joly 4, 1817.1 

Portion from Utica to Mon- -i.^^^^^. ,^ 
tesuma opened 1819 ; whole h I'^'^S?** ** 
canal opened 18S5. ! . "»• 



Commenced 18S5 ; completed 



Mrginia. j^^^ ja^pg,. .nj u^n,. 

j wha Casual and Railroad 
Co. 



58 (also 50 
miles of I 

river navi- 
gation). 

Total 108 

46(paitri>>er 
navigation) 

344 

45 

Si 



t 

Comnencod at a rery eariy 
date ; opened 18£L and sub- . 
( sequentjy extended. 

Commenced 1825; completed 
1888. 

First located 1768; com- 
menced li!)l ; four miles 
opened 17V4 ; work suspind- 
ed 1795 until 1821; complet- 
ed 1827. 
(Incorporated 1798. and aooni 
after commenced but never y 
completed. ( 



$10,731,595. 
2,500.0CO 



6|0X,CX 



»•••••••• 



I 



Commenced 1815: partly done 
latl ; completed 18». 



8,800jOOO 



1 



^Oommenoed 1887; opened) 
from Manch Chunk to Sas- v 
ton. 46 milea, in 180. \ 

t Commenced 18S6 (grmmd; 

) broken July 4th). 

s Commenced 1886 ; completed 

} 18» 

Completed 1808. 



Projected to connect Ridunoad 
> with the Obio River al the 
I i mouth of the Great Ke.iawha. 



485 (also 80 

miles North 

River im> 

provement) 



PoiUon tnm Richmond to 
Lyndibnrg commenced 
1836: opened from Rich- 
mond to Xynchbvrg ISIO. 



I 



900,000 

700.000 
Rkhm^ndto 



^ 



Lvnchb'g to 
Burl 



rhanan 



aboTedo.. 

onlIni»bed, 
i $l,0Cr.r4S. 
I '1 otal. 

Sia436.8eBL 



on the 
the United 




other MNucca, to ** Notes 
Internal lasprovemrnts of 

Pi!LI!r5?*tl^5L '*2^./*'*" •tf j****?''.?'*^^, »»Tc"SSSrhaTthe'Kwtirof e^ addons made by 

Tn>k riS^^JSJ:i^v^hSz£!^^ ?** • ''^'^A.?*'^**' ^; ^S?-.?<*«',^' ^ ' R*»>«» ^Y. ; W MUnor Roberts, M. Am. Soc, C. K., New 
Yoriieg^j^SoloBion W. Roberts, Ch. Eng r. North Pennaylvania RaUroed, Phila. ; WiUiam H. Wilson, Oms. Eng*r, Pennsylvania Railrand, 

tT1in>eU«nre, Centnl, and Western Divisions of the Pannsylvania Canal weie all tn FC««^ 
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RAILBOADS. 



■TAn. 



Alabama 

CoAnecticnt 

Deldwarc 

Oeotigda 

Loniiiaua 

Maine 

MaMachnsctts.. 
ti 



Maryland 



NewHampattlre 

New Jersey 

New York. 

tt <t 

«< tt 

■ »• k* 

t( <» 

• • • • • 

North Carolina. 
Ohio 

Pennsylyanla... 



«i 



(I 



HAME. 



Bhode Island . . 
South Carolina. 



Virginia. 



Alabama, Florida, and 

Georgia. 
Housatonlc (one tunnel). 

New Castle and Frencht*wn. 

Georgia. 
Pontcbartrain. 

Bangor and Orono. 

Qnincy. 

Boston and LoweU. 

Boston and Providence. 



Baltimore and Ohio. 



Nashua and LoweU. 

Camden and Amboy. . 
Saratoga and Schenectady. 

Albany and Schenectady. 

Harlem (one tunnel). 
Uiicaand Schenectady. 
Albany and Worcester. 

Wilmington and Baleigh.* 

Mad River and Sandusky 
City. 

Crnm Creek. 

Manch Chnnlc 

Terminal R. R. of Dela- 

ware and Hudson Canal 

Co. 

Columbia and Philadelphia^ 

Allegheny Portase (one 
tunnel four miles from 
Johnstown). 

Providence and Stonington. 

South Carolina. 

Richmond, Fredericksburg, 
and Potomac. 



LOCATION. 



j Poneacola, Fla., to Montgomery, 
) Ala. 
Sheflield, Mass., to Bridgeport, Ct 

Frbm New Castle to Frenchtown. 

Augusta to. Atlanta. 

New Orleans to Lake Pontcbttrtrain. 

Bangor to Orono. 

( From Quincy granite quarries to 
( tidewater (5 feet gauge). 

Boston to Lowell. 
Boston to Providence. 



Projected to connect Baltimore 
with Ohio River. First built from 
Baltimore to Harper's Ferrj'. 



Nashua, N. H., to Lowell, Maes. 

Camden to South Amboy. 
8aratoga.to Schenectady. 

Albany to Schenectady. 

.atv Hall, N. Y. City, to Harlem. 
IJlica to Schenectady. 
Albany to Worcester. 

Wilmington to Weldon. 

j From Tiffin to Sandusky City. 

{ From Thomas Leiper*s stone quar 
ries, Crum Creek, to landing on 
Ridley Creek, Delaware Co.,ra. 
Maucb Chunk to coal mines. 

J Honesdalo to coal mines at Carbon* 
dale. 



\ 



1 



Columbia to FbUadelphia. 






[-Hollidaysburg to Johnstown. 

Providence to Stonington. 
Charleston to Hamburg. 



Potomac River, at month of Aquia 
Creek, through Fredericksbaig 
to Richmond. 



UENOTR IH 
XILXS. 



156K 

73 

16 
171 

10 
8 

41 

81 BalUm*re 

to Harper's 

Ftorry;S98 

Harper*s 

Feiryto 

Wheeling. 

15 

61 

81 Ji 

17 

8 

80 

1S6 

101 

ao 

1 

9 

16 

81H 

86V« 

47 

1353^ 

61 to Fred- 
ericksburg ; 
75 whole 
length. 



DATE. 



BuUt before 1840. 

Commenced 18S7. 
( Commenced 1880 ; completed ) 
) 1832. ] 

Built before 1840. 

Built in 1880-'81. 

Incorporated 1885 ; completed . 

Located 18S5 ; completed 

1826. 
Commenced 1881 ; opened 

1835. 
Incorporated 1831 ; opened 

1835. 

Incorporated in 1827: com- 
menced 1898: first (uviston 
opened 1880 : op'd throogh- 
out to Wheeling, W.Va.,lSS8. 



Completed 1888. 

Commenced 1880 ; completed 

1887. 
Commenced 1881 ; opened 

Jaly 18, 1832. 
Excursion train ran 1831 ; 

completed 1888. 
Built 1886-^87. 
Completed 1886. 
Completed 1887. 
Commenced 1886 ; completed 

1840. 

1833 or 1884. 

1808 ; continued in use nlne> 
teen years. 

Constructed 1827. 
Constructed 18S8. 



} 



Commenced 1898; 90 miles) 
completed 1839 ; whole lin3, J- 
1884. S 

Commenced 1681 ; completed ( 
1834. j 

Completed 1887. 
Commenced 1830 ; completed 
1884. 

Comi^eted from Richmond to 
Fredericksburg prior to 
1840. 



OUOIKAL 

COST. 



$2,500,000 

1,000,000 

400,000 

8,800,000 



60,000 



l,'re2.000 



CkMtto 
Nov.. 1853, 
990,708,098 

Up to Jan., 

1889, 

|286,0tt 

1,238,000 
297,237 



1,100,000 



81,500 



8.754,677 

Built by 

State. 

1.684.857 

2,000,000 
1.750,000 



OAISTADA. 



CANALS. 



NAWI. 


lACATZOR. 


LBHOTHDT 

JULES. 


DATX. 


OBIOOTAL COST. 


Lachine. 
WelUmd. 
Rideau. 


Montreal to Lachine. 
Lake Ontario to Lake Eric 
Ottawa to Kingston. 


i2r 


Opened 1825. 

Conunenced 1825 ; completed 1829. 

Commenced 1886 ; completed 1882 


9488,401 



RAILROADS. 



RAn. 


LOCATIOir. 


DATS. 


La Prairie and St Johns. 


To unite Lake Champlain \vitb the St. La^^Tence. 


BaUt prior to 1840. 



t * Original charter, dated 1888, was for railroad from ** Wilmington to Raleigh.'* Amended In 1835 to " Wilmington to some point on 
Roanoke." Hence named '* Wilmington and Ralaigh Railroad," although the line did not pass within fifty miles of Raleigh when oonstncted. 
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Canal, 3 miles long, both in Massaclmsetts, were built by companies chartered as early as 
1792 ; the Santee Canal (22 miles), in South Carolina, was built in 1802 ; and the Carondelet 
Canal (2 miles) in Louisiana, was chartered in 1805. The Middlesex Canal (27 miles), in 
Massaclmsetts, comes next in 1808, then the Champlain Canal, in New York, commenced in 
1816 and completed in 1819 ; and, finally, the Erie Canal (363 miles), in New York, was com- 
menced in 1817 and completed in 1825 ; the Champlain Canal, above noted, was built in con- 
nection with it. 

The building of the Erie Canal, a colossal work at any time, and especially so in the eArly 
days of the countr^^ gave an impetus to the spirit of public improvement in all parts of the 
Union. Though New York was the first State, therefore, that had the pluck to put into ex- 
ecution schemes for public improvement on a large scale, thei^ can be no question, on the other 
hand, that Pennsylvania can fairly lay claim to being the pioneer State in the matter of the 
early inception of such work. William Penn, in his '*' Proposals for a Second Settlement in 
the Province of Pennsylvania," published in 1690, alludes to the practicability of effecting a 
" communication by water " between the Susquehanna and the Schuylkill. 

The matter was revived and agitated in Pennsylvania, between 1750 and 1760, by some 
energetic citizens, and, in 1762, David Bittenhouse and Dr. William Smith surveyed and 
leveled a route for a canal to connect the waters of the Susquehanna and Schuylkill Rivers 
by means of the Swatara and Tulpehocken Creeks. The Union' Canal, subsequently built, was 
located on a portion of this route, the first one surveyed for a canal in the colonies. David 
Bittenliouse subsequently held the position of astronomer, and Dr. Smith that of provost, of 
the University of Pennsylvania. 

Duly to appreciate the enterprise of the age and the people, we must remember that the 
projectors of this route contemplated nothing less than the ultimate junction of the waters of 
the Delaware with the Ohio and Lake Erie, on a route of some 582 miles, with an elevation 
of some 3000 feet at the Allegheny Mountains to overcome ; that the scheme was all substan- 
tially carried out in time ; that this was a day in which the words " engineering '' and " cap- 
ital " were comparatively unknown in the colonial vocabulary ; that no canal was then in exiiit- 
ence even in the mother country, and the Duke of Bridgewater's navigation was but just 
begun. 

In 1764, the first survey for a canal to connect Chesapeake Bay with the Delaware 
Biver was made, and in 1769 a second sui-vey was conducted under the direction of the 
American Philosophical Society ; in this year, the provincial legislature authorized a full 
survey of the Pittsburg and Erie route proposed by Bittenhouse and Smith, and there is little 
question but that had the stirring events of the Bevolution not interfered, these projects would 
at once have been put in execution. On September 29th, 1791, the legislature incorporated a 
joint-stock company to connect the Susquehanna and Schuylkill Bivers by canal and slack- 
water navigation, and in a subsequent act of April 10th, 1792, the intention of connecting the 
eastern with the western and northern parts of the State is distinctly expressed in the act of 
incorporation of the Delaware and Schuylkill Canal, which was intended to carry out a link 
in the scheme. Work was begun on these canals, but, owing to financial embarrassments, 
it was discontinued in 1795. In 1811, these two early charters were united in the 
" Union Canal Company ;" the Delaware and Schuylkill Canal, however, was never com- 
pleted. In 1819, the legislature (of Pennsylvania) guaranteed an interest of six percent on the 
stock of the Union Canal Company, and, in 1821, operations were resumed, and the canal finally 
completed in 1827, under the direction of Canvas Wliite as chief -engineer, Simeon Guilford, 
principal assistant, thirty-five years having thus elapsed from the commencement of the work in 
1792, and sixty-five years since the date of the first survey. Meantime, owing to the delay in 
the completion of this work, the Schuylkill Navigation had been completed before it. This 
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work had been commenced in 1815 (the company being incorporated on May 8th), and the lower 
part of the canal, from Norristown to tide-water at the Falls of the Schuylkill, was completed 
and brought into use by 1821, the whole being completed in 1825. It was an important piece 
of work, being the outlet for the Schuylkill coal regions, and this canal is of especial interest to 
us, as upon it the first tunnel eveb constkucted in the Uniied States was located. This was 
the tunnel above Auburn, at the Orwigsburg Landing, commenced in 1818 and opened for use in 
1821.* It was cut through red shale 20 feet wide by 18 feet high (from canal-bottom), and was 
orighially 450 feet long ; arched for about 75 feet in from each portal. The highest point of 
the hill over this tunnel was only some 40 feet, and had it been located but a short distance 
down the ridge where the railway-cut now is, the tunnel might easily have been altogether 
avoided. This location also would have given a better alignment for the canal itself, for, in 
fact, in order to get a tunnel, they had to almost turn a right angle to the previous course of 
the canal, so as to get sufficient height to tunnel under. It is said that the tunnel, from the 
novelty of such a structure, excited great attention, many people coming in stages and private 
conveyances from Philadelphia to view it, and that it, in fact, was one of the chief causes in 
promoting and exciting general public interest in the canal itself. In 1834--'37, the tunnel was 
shortened to about half its original length ; in 1846-46, it was enlarged in width to 22 feet, 
and further shortened to a length of only 160 feet, and, finally, in 1855-56, it was wholly taken 
out in open cut (the dotted lines in the sections show the slopes), so that our first American 
tunnel is now " an airy nothing." Even the name of the engineer who located and built it 
is not known, and the sket<;h and section in Fig. 12 must stand as tlie sole record of this first 
precursor of the art in America, which has given us, in the growth of fifty years, the long line 
of tunnels to whose history we can look back to-day. 

The Champlain and the Erie Canals, in New York, were also completed before the Union 
Canal, and others were already under way — among the early New York ones being the Black 
River Navigation (about 40 miles), the Chenango (about 97 miles), and others. In Pennsyl- 
vania, there was the Lehigh Navigation, followed by the Delaware Division of the Pennsyl- 
vania State Canals, and subsequently by the Central and Western Divisions. Further work 
was either going on or had been completed in the other States ; among them the Farmington 
(Ct.) ; Chesapeake and Delaware (Del.) ; Savannah and Ogeechee (G-a.) ; Lake Pontchar- 
train (La.) ; Cumberland and Oxford (Me.); Middlesex (Mass.) ; Chesapeake and Ohio (Md.) ; 
Disihal Swamp (N. C.) ; Bow (N. H.) ; Ohio and Erie (Ohio) ; Blackstone (R. I.) ; James 
River (Ya.) ; and many others, these being but cited as types. 

As showing the work done in Pennsylvania in the early days from 1791 to 1828, it has 
been estimated f that between those years some $22,000,000 were expended by the State and by 
private corporations on the various canals, rivers, turnpikes, railways, and bridges of the State, 
exclusive of the sums expended by the counties on roads, bridges, etc., and exclusive of the 
sums expended by the State prior to 1791 ; further that the additional improvements actually 
under constrnction in 1828, and to be completed within three years, were estimated to cost 
some $12,500,000 additional. 

Between 1791 and 1828, 265 companies were incorporated by the legislature for purposes 
of internal improvement, and of these 36 were railroad, canal, or navigation companies, 
and 14 had commenced operations in 1828: it must also be remembered that the State 

* For tlie muatrations of this tannel, the author is indebted to Mr. W. Lorenz, Cliief-Engineer Philadelphia 
and Reading Railroad Company ; the dates and general data were kindly famished, through Mr. Lorenz, by Mr. 
J. F. Smith, Cons. Eng'r Canals, P. & R. R.R. Co. 

f ** Notes on the Internal ImpioTement of Pennsylvania/' by Geo. W. Smith, in the *' Register of Pennsyl- 
vania/' 1828, p. 406. 
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Of this 149i miles of railway, part was to be at State cost — viz., the Allegheny 
Portage, 41 miles, located from Johnstown to Frankstown, and the Columbia and Philadel- 
phia Railway, 84^ miles. These lengths were in part 36f miles and 81^ miles as the lines 
were finally completed. The total length of canals already built or in course of construction, 
with their terminal or connecting railroads, up to July, 1829, is given as 4417 miles in the 
" Internal Navigation of tho United States," by " A Citizen of the United States" (Phila- 
delphia, 1830). 

We thus have seen that Pennsylvania inaugurated canal-building in the Union. 
It is fnrtlier well established that Pennsylvania also took the lead of the other States 
by many years in railroad construction.* In 1806, the first experimental railroad-track built 
in the United States was laid out by John Thomson, Civil Engineer, of Delaware Co., Pa., 
and constructed, under his direction, by Somerville, a Scotch millwright, for Thomas Leiper, 
of Philadelphia It was 60 yards in length, and graded an inch and a half to the yard. 
The gauge was 4 feet, the sleepers 8 feet apart. The experiment with a loaded car 
was so successful that Leiper,. during 1806, had the first practical railroad built in the United 
States constructed for the transportation of stone from his quarries on Crum Creek to his 
landing on Ridley Creek, Delaware County, Pa., a distance of about 1 mile. It continued 
in use until superseded by a canal in 1828. The line of the road can still be seen. 

The second railway in the States was tlie " Quincy," in Massachusetts, 4 miles long, 
constructed in the autumn of 1826. It will be interesting to note that the line was origi- 
nally built to carry granite for the Bunker Hill Monument. The Mauch Chunk Railway, in 
Pennsylvania, 9 miles long, was next built in the spring of 1827 by the Lehigh Coal and 
Navigation Company. f This company was tho first to regularly send anthracite coal to 
market in the United States, and its history was briefly as follows :% In 1793, the " Lehigh 
Coal Mine Company " was formed, and they at once " took up," under warrants from the 
Commonwealth, about 10,000 acres of coal, land. The company then proceeded to open the 
mines, and made an appropriation of ten pounds ($26.67) to construct a road from the mines 
to the Lehigh River landings. 

This first attempt proved abortive, and it was not until 1813, after the company had 
made a lease of their lands for ten years to Miner, Cist & Robinson, that two out of five arks of 
coal shipped on the Lehigh by this firm reached Philadelphia ; the other three were wrecked in 
transit. It is also said that an ark was previously shipped by William Tumbull, in 1807, 
from Lousane, by which two or three hundred bushels reached Philadelphia, but, upon trial, it 
was rejected as worthless. The property subsequently came into the hands of the firm of 
White, Hauto & Hazard, and by them tho " Lehigh Navigation Company " was formed 
in 1818.§ In the same year, the "Lehigh Coal Company" was also formed by the same 
parties, for the purpose of making a road from the river to the mines, and of bringing coal 
to market by the new navigation. This road was laid out in the autumn of 1818, and finished 
in 1819. It is said to have been the first road in the country ever laid out by an instrument on 
the principle of dividing the whole descent into the whole distance, as regularly as the ground 

* " History of Delaware Coanty, Pa.," by Georgfe Smith, M.D., PhUadelpUia, 1802, p. 889, and ** History of the 
Pennsylvania Railroad," Wm. B. Sipea, Philadelphia, 1875, p. 4. 

f Some time in the same year (1827), Abraham Potts, in the Schuykill region, built a line half a mile long, 
from his coal mine to Port Carbon. (See £. C. Bowen's ** Coal Regions of Pennsylvania," 1848, p. 27.) 

In 1820 there was incorporated in the Schaykill region a company to buUd a railroad from Pottsville to 
Danville, 41 miles ; by a sapplementary act, the company was authorized to extend branches to Sunbnry and 
Catawissa. Another company was incorporated in 1828 to build a railway from Mine Hill to Pottsville, but 
nothing was immediately done on either project. (See Qeo. W. Smith's " Notes on the Internal Improvement of 
Pennsylvania," in the " Register of Pennsylvania/' 1828, p. 418.) 

{ "* History of the Lehigh Coal and Navigation Company/' Philadelphia, 1840. 

§ Abijah Smith, of Plymouth, Pa., first applied blasting to anthracite coal mining in America, in 1818. (See 
"Engineering and Mining Journal," New York. May 80tJi. 1874.) 
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would permit, with no nndulation. It was intended to be used as a railroad as soon as the 
business would warrant the expense of placing rails upon it. In 1820, the ^^ Lehigh Naviga- 
tion Company" and the " Lehigh Coal Company" consolidated as the " Lehigh Navigation 
and Coal Company," and 365 tons of coal were sent to Philadelphia as the first-fruits of 
the joint concern, and sold at $8.50 per ton. This quantity pf coal completely stocked the 
market for the year, and was with difficulty disposed of. It should here be noted that no 
anthracite coal came to market from any other source than the Lehigh prior to 1826 as a 
regular business. 

The shipments from the Lehigh and the Schuylkill regions from 1820 to 1825 were : 

Date. Lehigh. Schuylkill. 

1820 865 

1821 1.073 

1822 2;M0 1,480 

1828 5,828 1,128 

1824 9.541 1,567 

1825 28,893 6,500 

In 1821, there was again a rearrangement of the company, and its name was finally 
changed to " The Lehigh Coal and Navigation Company." In 1826, the coal production had 
increased to 31,200 tons shipped in that year, and it was becoming difficult to keep the turn- 
pike to the mines in good order, so that it was determined to convert it into a railroad, which 
was completed in May, 1827. This extended notice has been given of the history of the 
Lehigh Coal and Navigation Company, as by it not only was this one of our two earliest rail- 
roads built, but to it we owe the first lasoe mining tunnel, and the second tunnel in point of 
date, constructed in the United States. This was the " Hacklebemie " Tunnel near Mauch 
Chunk, Pennsylvania, commenced in 1824, work suspended in 1827, resumed in 1846, final 
length 2200 feet. It was driven about 16 feet wide by 8 high, and at a distance of 
several hundred feet from the entrance a ventilating hole several inches in diameter was 
bored down to it vertically from the surface of the hole. The tunnel was driven in to reach 
a coal-vein, and before its stoppage, in 1827, had advanced through hard conglomerate some 
790 feet. Thirty-seven hundred and forty-five cubic yards of rock were removed, at 
a cost of $26,812, or $7.16 per cubic yard. It is said* that at this date so little was known of 
tunnels in the United States, that when James Clarke (afterward Canal Commissioner) pro- 
posed a continuous canal between Philadelphia and Pittsburg with a tunnel four miles long, 
through the Allegheny Mountains, his *' tunnel " idea was almost universally ridiculed as that 
of a visionary schemer. And the above Mauch Chunk Tunnel when first projected by Josiah 
White was very generally known by .the name of '^ White's Folly*' among those skeptical of 
its success. Nevertheless, there were others who held lai^er views, for we find that the grand 
project of tunnelling the Hoosac Mountain, so recently completed, was mooted half a century 
ago. As far back as 1825, a Board of Commissioners, with Laommi Baldwin as engineer, were 
appointed in Massachusetts to ascertain the practicability of making a canal from Boston to 
the Hudson River, in the vicinity of the junction of the Erie Canal with that river. At the 
Hoosac Mountain, their examinatioiis were extended both to the north and south of the pres- 
ent line of tunnel, with a view to discover some other route by which it might be avoided ; 
but increased distance and lockage, and difficulty of procuring water, induced them to give 
preference to the tunnel. 

* For much specific information concerninfi^ these earlj tnnnels, the antlior is directly indebted to Mr. W. * 
Milnor Roberts, M. Am. Soe. C. E. Mr. Roberts, then a yoang engineer, was either directly engaged on many ^ 
of tlie tunnels or on the works with which they were connected, so that the data here given are on the best of 
authority. Among these tunnels were, tlie Summit Level, Mauch Chunk (Hacklebernie), Allegheny Portage (the 
data concerning this tunnel, however are chiefly derived from Mr. Solomon W. Roberts), Elisabethtown, and Con- 
emaugh and Grant's Hill tunnels. 
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In their report of 1826, they say : "There is no hesitation therefore in deciding in favor 
of a tunnel, but even if its expense should exceed the other mode of passing the mountain, a 
tunnel is preferable, for the reasons which have been assigned. And this formidable barrier 
once overcome, the remainder of the route, from the Connecticut to the Hudson, presents no 
unusual diiBculties in the construction of a canal." 

To show that a spirit of opposition to tunnel construction was not confined in these early 
days to America, it may be well to note tlie following testimony, taken in 1836, in England, 
before a Parliamentar}' Conmaission relative to the Britton Railway Bill.* Sir Anthony 
Carlisle, M.D., Vice-President of the College of Surgeons, testified as to the general injury to 
the health of passengers from passing through tunnels ; liability to catch cold, inflammation 
of the lungs, erysipelas, rhexunatism, and lumbago. On cross-examination : " I know from 
experience, it is difficult to discharge a tunnel or a large i*oom of any stagnant or quiescent 
mass of air ; and I believe a 600-yard8 tunnel of the dimensions given would neither discharge 
itself nor could it be discharged by any ordinary known means." 

Before the same conmiission. Dr. James Johnson testified that, " the reverberation of 

sound is of more consequence than the \aci8situdes of temperature The noise in going 

30 miles an hour would /o^ive a very great shock to delicate people." 

With regard to the effect upon the nerves resulting from passing under arches thirty, 
forty, and fifty yai a& long, Dr. Johnson quoted the following from a pamphlet he had published 
some two years previously, as describing his own feelings on his first experience : 

" The deafening peal of thimder, the sudden immersion in gloom, and the clash of rever- 
berated sounds in a confined space, combined to produce a momentary shudder, or idea of 
destruction, a thrill of annihilation." 

To return to our history of tunneling in America. The " Summit Level," or Lebanon 
Tunnel,t on the Union Canal, begun in 1824 and finished in 1826, was the second canal 
tunnel, and the. third tunnel built in the United States: Canvas White, chief-engineer; 
Simeon Guilford, principal assistant-engineer in charge, W. Milnor Koberts, assistant ; John B. 
Ives, contractor. The tunnel was originally 720 feet long, but was shortened to 600 feet in 
1858, when it was enlarged in width, imder the charge of B. H. Lehman, chief-engineer. 
Dimensions of original cross-section, 18 feet wide by 15 feet high, about 150 feet at each end 
arched. The material passed through was an argillaceous slate, and the original total cost 
(including from 25' to 30' of cutting through earth and slate at the east end, and from 35 to 40 
feet at the west) was $30,464. The " Conemaugh " and " Grant's Hill " tunnels, on the 
Western Division of the Pennsylvania Canal, followed in 1828-'30. Tlie next tunnel, and 
the FIRST RAILROAD TUNNEL in the United States, was the one built by Solomon W. Roberts 
(subsequently chief -engineer North Pennsylvania Railroad), on the Allegheny Portage Railroad, 
in Pennsylvania, in 1831-'33. This railroad was built to connect the Central and Western 
Divisions of the Pennsylvania Canal, and was commenced on April 12th, 1831, completed 
March 18ih, 1834 ; total length from Hollidaysburg to Johnstown, 36f miles. The tunnel, 
901 feet long, was cut through slate 25 feet wide by 21 feet high, arranged for double track, 
and, like the " Summit Level" Tunnel (see above), arched for the first 150 feet in at either 
end. The side-walls and arch were of stone 18 inches thick ; area of excavation, 525 feet ; 
contract price, $1.47 per cubic yard for excavation, $9.50 per perch (25 cubic feet) for tunnel 
masonry. The miners were paid $13 per month and found. Prices for outside work : 
" Common excavation," 9 cents ; embankment and overhaul, 14 cents ; solid rock, 45 cents ; 
slate, 25 cents ; hard-pan, 30 cents ; slope-wall, 45 cents.j: 

* " London Mechanics' Magazine," vol. xxv., p. 826 (1836). 

f For tlie records of this tunnel, the author is indebted to Messrs. W. Milnor Roberts and B. H. Lehman. 

X For the records of this tunnel, tbe author is indebted to Mr. Solomon W. Roberts. 
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Tunneling, liowever, of course did not become common until the introduction of steam 
multiplied railways. The first locomotive * used in this country was the " Stourbridge Lion." 
It was built by Foster, Rastwick & Co., of Stoiu-bridge, England, and was imported by the 
Delaware and Hudson Canal Co., who, in 1828, built a road (in Pennsylvania) from their coal 
mines atCarbondale to the terminus of their canal at Honesdale, and on this road the " Stom*- 
bridge Lion " was tried August 8th, 1829. It was found to be too heavy for the roadway, 
was housed up, and finally taken to pieces and destroyed. f 

It seems that the first charter in the United States for a public railroad was granted by 
the legislature of New Jersey. In 1811, Col. John Stevens, of Hoboken, N. J., presented a 
memorial to the legislature to authorize a railroad in New Jersey, and in 1815 a law was 
passed incorporating " The New Jersey Railroad Company," authorizing a road from Trenton 
to New Brunswick. It was not built, however. In 1820, Col. Stevens built a short road, at 
Hoboken, as an experiment. The next charter was one granted by the State of Pennsylvania, 
on March 31st, 1823, to John Stevens and others, to construct a railroad from Philadelphia to 
Columbia, on the Susquehanna River, a distance of about 80 miles. Among the corpora- 
tors were Horace Binney and Stephen Girard, of Philadelphia. John Stevens, however, 
was the master-spirit of the enterprise. Stevens was authorized by the charter to charge tolls 
on freight not to exceed 7 cents per ton per mile on that going west, and 3^ cents per ton 
per mile on that going east. The road was " not to rise above an angle of ten degrees with 
the plane of the horizon," and the charter was to continue in force for ten years. Nothing 
appears to have been done under this charter ; a second charter, which repealed the first, was 
granted in 1826, incorporating " The Columbia, Lancaster, and Philadelphia Railroad Com- 
pany." This charter also proved, like its predecessor, to be a dead letter. During the same 
session of the legislature, some five other railroad companies were incorporated, but none of 
them were of any particular importance. Finally, in 1828, the Pennsylvania State Canal Com- 
missioners were directed to locate and put imder construction a railroad from Philadelphia 
{via Lancaster) to Columbia, and complete tlje same within two years if practicable. They 
were also required to examine a route for the Portage Railroad over the Allegheny Mountains, 
which was subsequently bm'lt. Both lines were constructed by the State ; they were com- 
pleted in 1834. 

Previously to this time, however, in March, 1827, the legislature of Maryland had granted 
the charter of the Baltimore and Ohio Railroad Company. This railroad was the first one built 
and opened in the United States that was authorized by charter to carry on a general business of 
transportation ; the earlier roads (Leiper's in Pennsylvania, and the Quincy Railroad in Massa- 
chusetts) having been built for private purposes. The charter of the Baltimore and Ohio 
Railroad Company was modeled on the old turnpike charters, as at this early date the ques- 
tion had not been decided whether stationary steam-engines or horse-power would be prefer- 
able as a means of traction. This was the beginning of the Baltimore and Ohio Railway, 
the first stone being laid by Ghas. Carroll, of Carrollton, ojie of the signers of the Declara- 
tion of Independence. Jonathan Knight was the chief -engineer of the road for the first four 
years of its existence, with Benjamin H. Latrobe and Henry J. Ranney as principal assistants. 
Mr. Latrobe subsequently succeeded Mr. Knight as chief, and under his direct supervision it 
was that the large portion of the road was located and built, the many tunnels driven, and 
the heavy grades % overcome, that together stand a grand monument to the skill of this 

♦ Dr. HoUister's " History of the Lackawanna VaUey," also the " Railway World," 3d Quarto, vol. iii.. No. 
15, p. 852, and ibid., 10th Quarto Vol., No. 1, p. 1. 

t " History of the Pennsylvania Railroad," Wm. B. Sipes, p. 5. 

X See " The Railroad Gazette," Quarto, vol. vi., No. 471. New York, December 6th, 1874, for an account of the 
location of the heavy grades on the Baltimore and Ohio Railroad. 
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distinguished engineer, whose very name is identical with the rise of railroad engineering and 
tunneling in the United States. 

The first division of the road was opened for transportation on the 24th of May, 1830, 
horses being altogether used for traction.* There being, as yet, no settled mechanical mode 
of traction, Evan Thomas, during this year, constructed a car with sails, which he called the 
^olus ; on this car. Baron Krudener, the Russian envoy, made an excursion, resulting soon 
after in a visit from some Bussian experts, who were sent out by the Emperor to examine the 
system. They engaged the services of Ross Winans for the construction of the Bussian rail- 
ways. Thomas's ^olus, however, was not used on the Baltimore and Ohio Bailroad, except 
experimentally. 

About the same time, Peter Cooper built, in Baltimore, the first American locomotive, 
and with it drew the directors of the road on a trial trip from Baltimore to EUicott's Mills, at 
the rate of 18 miles an hour, and in August, 1830, steam-power came into regular use on the 
line. Cooper's engijie was subsequently superseded by one built by Phineas Davis, at York, 
Pa., in 1831. From this time on, railroad construction advanced more rapidly. In the 
autumn of 1834, a locomotive built in Boston was taken, via the Pennsylvania Canal and 
Allegheny Portage Bailroad, to Johnstown, and during the winter shipped thence to Pitts- 
burg, where it was used as a pattern for tlie construction of two others ; the three were put 
into regular use on the Portage Bailroad during the next year. It is also said f that there 
were locomotives running on the " Mad Biver Bailroad," out from Sandusky, Ohio, in 1833 
or 1834. 

The following table % will show the early stages and subsequent increase of railroad con- 
struction in the United States : 

TABLE 2. 



DATE. 


MILES IN OPERATION. 


mCRBASE. 


REMARKS. 


1880 


23 


... 


It is estimated that these 74,000 miles 


1881 


95 


72 


of road have cost in aU aboat $4,200,- 


1833 


229 


134 


000,000, and that their gross receipts 


1883 


880 


161 


are (500.000.000 per annum. It is fur- 


1834 


663 


283 


ther worthj of note that while their 


1885 


1,098 


435 


construction has extended over a period 


1886 


1.273 


175 


of forty-five years, about 44,000 miles 


1837 


1,497 


224 


have lieen finished within the last fifteen 


1838 


1,913 


476 


years. 


1889 


2,302 


889 


• 


1840 


2,818 


516 




1850 


9,021 


6,203 




1860 


30,635 


21,614 




1870 


62,898 


22,268 




to 1876 


74,000 


22.102 





After the Allegheny Portage Tunnel came the Black Rock Tunnelg (1835-'37), on the Phila- 
delphia and Beading Bailroad. Mr. William H. Wilson who was resident engineer in charge, 
is now (1882) consulting engineer, Pennsylvania Bailroad. This is noticeable as being the first 
tunnel in the country on which shafts were sunk. The width of tunnel was 19 feet ; diameter 
of shafts, 7 feet ; they were sunk outside of the tunnel cross-section, so that the sides of the shafts 

* " History of the Baltimore and Ohio Railroad Company/' by "A Citizen of Baltimore,'' 1858. 
f W. Milnor Boherto, in the " Railroad Gazette." 

t " Standard Facts and Figures," Morton & Dumont, New York, 1876 ; also Poor's •* Railway Manual." 1876. 
§ Tlie author is indebted to Mr. William H. Wilson, Consulting Engineer Pennsylvania Railroad, for data 
on this tunnel. 
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should be tangent to the outer line of the tunnel. These shafts were six in mimber, located in 
pairs, 100 feet apart, for the purpose of correcting the errors in alignment that were expected 
to arise at each shaft, from having to turn a right angle, after bringing the line down. 

The Elizabethtowja Tunnel,* in Pennsylvania, on the Harrisbuig, Portsmouth, Mount Joy 
and Lancaster Eailroad (now Pennsylvania Eailroad), built in ISSS-'SS, W. Milnor Koberts, 
engineer in charge, was almost contemporaneous with the Black Rock ; and following it came 
the Pulpit Eock Tunnel (1839-'41), on the Philadelphia and Heading Railroad, and the 
Harper's Ferry (1839) and other Baltimore and Ohio Railroad tunnels, ranging from 1839 
on to 1866, amounting to forty-four in all, and all forty-four built by or under the direction 
of Benjamin H. Latrobe, Esq. 

TABLE 3. 
Showing Eaely Tunnels of the IlNrrED States. 



NAMES OF TUNNELS. 



Auburn. 



Hacklebernie. 

Union CTl or " Summit Level." 
Conemaugh and Grant's Hill 
(2 tunnels). 

Portage. 

Black Rock. 

Elizabethtown. 

Sixteen Tunnels. 
Paw-paw. 
Harlem. 
Two Tunnels. 

Summit. 

Harper's Feny, 
Pulpit Rock. 
Doe Gully. 
Flat Rock. 
Paw-paw. 
One Tunnel. 



II 



it 



Canaau. 

Phipps Hill. 

Walpole. 
Greenfield Bridge 

White HaU. 

Ten Tunnels. 

Everett's. 
King wood. 



LOCATION. 



Schuylkill Navigation (first canal tun- 
nel, and, in fact, tlie first tunnel in 
the United States). 

Mauch Chunk, Pa. (first mining tunnel 
in the United States), built by the 
Lehigh Navi^tion Co. 

Near Lebanon, Pa., on Union Canal. 

Western Division Pennsylvania Canal. 

On Allegheny Portage R. R., Pa. 

(first railway tunnel in the United 

States). 
Philadelphia and Reading R. R. 
Harrisburg, Portsmouth, Mt. Joy, and ) 

Lancaster R. R. (now (ldS3) Pennsyl- >- 

vanhi R. R.). ) 

On Croton Aqueduct, N. T. 
Chesapeake and Ohio Canal. 
New York and Harlem R. R. 
Sandy and Beaver Canal, Ohio. 
Catawissa and Williamsport Branch of 

Philadelphia and Reading R. R. 
Baltimore and Ohio R. R. 
Philadelphia and Reading R. R. 
Baltimore and Oliio R. R. 
Philadelphia and Reading R. R. 
Baltimore and Ohio R. R. 
Lehigh and Susquehanna R. R. 
Albany and West Stockbridge R. R., ) 

N. Y. ] 

Boston and Albany R. R. 
Milford Branch of Boston and Albany ) 

R. R. f 

New York and New England R. R. 
Baltimore and Ohio R. R. 
Rensselaer and Saratoga R. R. (nowl 

(1892) controlled by Delaware and V 

Hudson Canal Co.). ) 

Hudson River Railway, N. Y. (now) 

(1882) New York Central and Hudson V 

River R. R.). ) 

Baltimore and Ohio R. R. 



( 



II 



II 



II 



II 



CANAL, C. ; 

RAILROAD, 

R. 



C. 






C. 
C. 

R. 
R. 
B. 



a 
a 
c. 

R, 

R. 
R. 
R. 
R. 
R. 
R. 

R. 

R. 

R. 

R. 
R. 

R, 



R. 

R. 
R. 



WHEN Buii;r. 



1 



1818-'21 

Commenced 1824 ; 
stopped 1827 ; resumed 
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• 

The foregoing table shows in concise form the rise and progress of tunnel constrnctioa 
in the United States up to 1850 ; after which time it is hardly worth while here to distinguish 
tlie individual dates. 

We have thus, without counting the Hacklebcrnie Tunnel at Mauch Chunk (as it was 
simply the first of the early large anthracite coal-mine tunnels), some 52 tunnels in the 
United States belonging to tlie first half of the century. Of these, 7 were on canals, 16 on the 
Croton Aqueduct, and 29 on railways ; 48 of them w^ero commenced and completed prior to 
1850, and in the second quarter of the century. The Factoryville Tunnel, on the Delaware, 
Lackawanna and Western Kailroad (Pennsylvania), built in 1850-'52, opened tunnel construc- 
tion in the decade from 1850 to 1860, during which so many railroad tunnels were built as 
will be seen by consulting the tables in Chapter XXIII. of the author's large work on 
Tunneling. 

From this time on, of course, tunnels multiplied with railroads, and so many were built 
that it would be tedious to cite them in detail here. It is interesting to note, however, tliat 
no canal timnels have been built in the United States since 1838, and that the decades from 
1850-'60 and 1870-80 have been the most active in railroad-tunnel constiiiction. 

And now we have traced the lustory of tunneling through its ancient record, down past 
the time it lay in abeyance during the dark and the middle ages, up to its revival by Riquet 
in the seventeenth century ; and thence to the first gi*cat advance made in modem times in 
the art, when Brunei demonstrated the practicability of soft-ground tunneling on a large scale ; 
and we have seen how the number of tunnels was subsequently increased by the introduction 
of steam and the consec^uent rapid growth of railways. 

The last and grandest step in tmmel eoustniction, however, lias been made during the 
latter half of the present centuiy, by the introduction of high explosives and machine rock- 
drilling. For nitroglycerine we are indebted, as we shall see in Chapters II. and III., primarily 
to Sobrero ; but it was Nobel who practically found the key to its application by liis invention 
of exploders ; then by his subsequent nse of nitro-glycerine in the form of dynamite, he has 
shown us how to chain and guide the wild forces that once seemed too strong for control. 
And, last and greatest discovery of all, to Couch, of Philadelphia, we owe the machine 
rock-drill, or power-drills. He it was, as Chapter V. will show us in detail, who first 
demonstrated that rock-drills could be driven by meclianical force ; and it is a striking fact 
that this greatest advance in what we have shown to be one of the oldest arts of the old 
world, rock excavation, should have been made in the new world of America, the land that 
was discovered only forty-two years after Anne of Lusignan, in 1450, gave the signal for the 
revival of tunneling in modem times. 

It is worthy of note that this art of tunneling has gone in past ages hand in hand with 
the higher civilization of each era. As a people becomes more civilized, its civilization can be 
gauged by its progress in tunnel construction, and whatever be the particular motive, the result 
is alw^ays tlie same. Thus we have seen the religious fanaticism of the Egyptians and Hindus 
manifested in tlieir grottos and rock-cut temples — the more practical bent of the Assyrians 
shown in their tunnels and archways. Later, with the Greeks, the religious idea becoming 
blended with the sesthetic, we find no longer tunnel-building associated exclusively with 
religion, but the •progress of the age is shown in the drainage tunnels of Lake Copais, the 
Samos Tunnel, and others. Then with the grand public works of Home, tunnel-building 
reached its culmination in ancient times. As civilization went down in darkness, from the 
decadence of the Koman Empire to theBenaissance, so we see all through the dark ages no 
evidence of tunnel construction on a large scale, except in the crypts and cloisters of those 
days. Finally, with modern civilizition, we have tunneling in its last and greatest develop- 
ment, and we see that in proportion to the civilization of a people will be found their develop 
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loent in this art. This is mo8t natural, for, of all branches of constmction, it is one of the 
most difficult. A barbarous people may, perhaps, develop a high d^ree of perfection in the' 
mere art of open-air building, where stone can be piled on stone, and rafter fitted to rafter, in 
the light of day ; but it takes the energy, knowledge, experience, and skill of an educated and 
trained class of men to cope with the unknown dangers of the dark depths that are to be 
invaded by the tunnel-man. 









CHAPTER 11. 

The Histoey of Explosive Compounds, Dkilling, and Blasung* 

In order to at all clearly trace np the various steps in the history of explosive com- 
pounds, it will be necessary now to go back to their first introduction in the art of war.* 
Throughout the dark and middle ages, war being the chief incentive to action, inventions 

* Most of the early history of bUtsting in Germany, as given in the following chapter, has been translated 
directly from RSiha's " Lehrbuch der Gesammten Tunnelbaukonst/' I., p. 89. The English notes have been 
laigely taken from Weale's " Quar. Papers on Engineering," vol. v. 

The following are Bziha's early German authorities : 
Sebastian Monster, Cosmographie (1544-1614). 
Leonhardt Fronisberger, f (Inf B&cher vom Kricgsregiment (1555). 
Johann Matthesius, Sarepta oder Bergpostill (1562). 
M. Cyriacum Spangenberg, Mansfeldsche Chronik (1572). 
G. E. LOhneyss, Bericht vom Bergkwerck (1617). 
V. Rechenberg, Hermnndnrorom (1680). 
Unterricht vom edlen Bergwerk (1687). 
A. V. SchOnberg, Bergin formation (1693). 
Balthasar Rdssler, Hell polierter Bergbanspiegel (1700). 
C. Hertwig, VoUkommenes Bergbuch (1710). 

Hermann Suden's Untersnchung wer das Schiesspolver erfunden hat (1715). 
F. E. Brackmann, Unterirdische Schatzkammer (1730). 
Minerapholio, Bergwerkslexikon (1730). 
Aug. l^yer. Das geseegnete Markgrafenthum Meissen (1782). 
Zedler. Universallexicon (174J-1743). 

Kem-Historie aller f reien Ktinste und schOnen Wissenschaf ten (1751). 
Allgemeines Magazin der Natur, Kunst und Wissenschaf t (1755). 
Honemann, AlterthtLmer des Harzes (1755). 

Henning Calv5r, H. C. Nachrichten der etc beim Bergbaue auf dem Oberharze, etc. (1768). 
Backmann, Anleltung znr Technologie (1771). 
Temler, Ueber das Alter des Schiesspulvers, in den historischen Abhandlnngen der Gesellschaft der Wissenschat 

ten zu Kopenhagen, abersetzt von Heinze, I. B. (1782). 
QSttingsches Magazin der Wissenschaften und Ldtteratur (1788). 
Gothaischer Ealender (1788). 

Johann Gottfried Hoyer, Geschichte der Kriegswissenschaften (1797). 
Hobnnann, Hercynisches Archiv (1805). 
Meinecke, Ueber das Schiesspulver (1818). 
Busch, Handbuch der Erfindungen (1821). 
Erdmann's Journal f Qr techn. und 5conom. Ohemie (1832). 
Gfttzschmann, Lehre der bergm. Gewinnungsarbeiten (1846)^ 
Nener Schauplatz der Bergwerkskunde, VII. Theil (1847). 

PERIODICALS 
Karsten's Archiv (1828). 
V. Moll's Annalen (1801-1805) 
KOhler's bergm. Journal. 
Gilbert, Annalen der Physik. 
Lempe, Magazin fQr Bergbaukunde (1785-1799). 
Gehler*s Physikalisches W5rterbuch. 
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were apt to take their rise from warlike sources, and thence to be subsequently applied in 
more peaceful pursuits. The following sketch will necessarily be brief, but it is hoped that 
it will be of interest as showing approximately the successive steps that have gradually led up 
to the modern improved methods of mining and tunneling, and mads possible the great 
works of the present day, and the jirobably still greater ones of the near future, the initiatory 
steps of which have already been taken. 

The invention of gunpowder is generally attributed to Berthold Schwartz, a monk of the 
order of St. Augustine ; and the date, as far as it can be fixed, seems to be about 1320, or one 
hundred and thirty years before the invention of the printing-press. As these early dates, 
therefore, have to be drawn from old manuscripts, the various accounts of the early introduction 
of gunpowder into Europe arc very conflicting. Thus Sebastian Miinster, in the first edition 
of his Cosmographie (Basel, 1544, p. 333), says, that generally the invention of the " terrible 
gun,"according to tradition and preceding writers, is placed at 1380, but that neither the place 
where it was discovered nor the name of the inventor is known ; that most people, however, 
assume him to have been a monk. Miinster declares it to be his opinion that " the villain 
^ho brought upon the earth so injurious a thing does not deserve on earth to have his name 
remain in the memory of man." 

In later editions of Miinster's work in 1546, 1598, and 1614, the addition is, however, 
made that guns were used in naval combats in 1354 by the Danes^ and that their discovery 
was due to a monk, Berthold Schwartz by name, who practiced alchemy. This statement 
is founded upon a communication received by Miinster from Dr. Achilles Gassarus at 
Augsburg. 

The year 1380 (or somewhere near it) is further favored by Flavins Blondus, of Forli, 
Baptista Saccus or Platina, Polydore Virgil and (probably following them) ^Eneas Sylvius, 
Anton Sabellicus, Franz Irenicus, J. "Wympfeling, Caspar Hedion, Cochlaus, Theodor 
Bibliander, J. Funccius, Gilbert Genebrard, Nicol Vignier, Heinrich Bunting, Mathaus 
Dresser, Paul Lange, Peter Albin, Cyriacus Spangenberg, Dubrarius, Stumpf , Alting Alstedt, 
Buchholzer, Guthberleth,* Mathesius, and others. 

Still later dates for the first use of gims are given by Alexander Scultetus (1392 or 1393), 
Ei-usius (1390), Achilles Gassarus, in his first works (1393), Anton Possevin (1392), Peter 
Eamus (1400), and Jacob Faber Stapulensis (about 1400). 

The following are for 1354 : Hieronymus Ziegler, Ileinrich Pantaloon, Andreas Thevet, 
Claudius Fauchet, Stephan Paschasius, Bullart, Chaterinot, Pontanus, and Athanasius 
Kirchner. Still others give the following figures : Johann Brodaus (1370), Lucas "Wadding 
(1365), and Felix Malleolus (about 1250). The latter, generally called Meister Hemmerlein 
(died 1456), about 1444-'50, wrote : 

" And yet guns, as far as we know from writings^ have been invented but within two 
himdred years." f 

The old chrouiclers are also by no means unanimous as to the name, occupation, and 
residence of the inventor ; manuscripts definitely deciding this point seem still missing. 

Platina says, " Guns were first invented by a German ;" Sabellicus, " A German of low 
descent taught the Venetians to shoot ;" Kaphael Vollaterranus, " These machines the Vene- 
tians first obtained from the Germans ;" Egnatius, " Gims were first brought to Venice by 
the Germans ;" Marcus Grapaldus, " The gun has its name from sound (sclopo),^ and it was, 

• Johann Gramm'e " Abhandlang vom Scliiesspulver im Allgemelnen Magazin der Natup," Kmut & Wissen- 
Bcliaften, V. Tlieil{1755), p. 145. 

f Gramm's " Abhandlong Qber das Scliiesfipalver.'* 
X Gramm, p. 146. 
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according to the Gennans, invented in Germany." Wympfeling says, " In the year 1380, a 
gun was invented by the Germans wjiich is generally called a ' Bombarda ;' " Johann Aventin, 
" It should also be noted that Berthold, a German philosopher, a Franciscan learned in 

sorcery and alchemy, was famed on account of his new invention He invented the 

iron guns ;" Scultetus, " The gun is said to have been invented in Germany by a monk ;" 
Achilles Gassarus, " At this period, guns were invented by a German monk ;" Brodaus, " It 
is certain that guns were invented in 1370 by a German monk, Berthold Schwartz ;" 
Athanasius Kirchner, " Powder was, beyond all dispute, invented in 1354 by a German, Ber- 
thold Schwartz, born in Goslar ; he was a Benedictine monk, and practiced alchemy." Gil- 
bert Genebrard, on the contrary, allows that Berthold was versed in alchemy, but he doubts 
that he was a monk and a German. 

Antonio Comazzani gives Cologne as the place of the invention ; Martin Kiiisius also 
writes : " We find that guns were invented by Berthold Schwarzeu or Niger, at Cologne." 
Others gave Mayence as tiie place ; among them, Dr. Joachim Becher, while Ilulderich Mutius 
and Knipschild give Nuremberg. Johann Langc says the inventor was a Bohemian from the 
city of Weraw (?) Again, some attribute it to a Burgmidian. J. Faber Stapulensis says : 
"It is uncertain whether the inventor hailed from the Netherlands or from Germany." 
Alexander of Ferrara, as well as Ireniciis, call the inventor Peter ; and Joh. Bapt. Pigna, of 
Ferrara, attributes the invention to the philosopher Peter Libs. 

We have seen that Johann Aventin calls Berthold a " Franciscan," and that Athanasius 
Kirchner says that he was a " Benedictine bom in Goslar." Many others state tliat Berthold 
Schwartz was a Franciscan monk at Goslar / others give Freiberg as the place of his birth. 
Andreas Thevet and Palmuth name the inventor as Constantin Anklitzen, of Freiberg. 

Zedler says, in his " Universal Lexicon" (Leipzig, 1743, p. 1923), that the inventor was a 
monk of Mayence, whose name originally was Constantin Anklitzen, and who was named 
Berthold Schwartz, after taking holy orders. 

This latter opinion, modified so far as to give Berthold's birthplace as Freibeig instead 
of Mayence (to which view Zedler also accedes in another part of his work), now predominates ; 
and the cognomen Schwartz added to the cloister name Berthold is explained by Barthel's 
having occupied himself with " black experiments," on account of which he was first popularly 
known as " Schwartze (black) Barthel," and finally as " Berthold Schwartz." The statement 
of the Swabian chronicler Krusius is in accordance with this view, where he speaks of 
" Berthold Niger ;" and also the following from an old manusciapt (1445) by an unknown 
author : 

" This art was invented by a master, called Niger Bertholdus ; he was a Nigermanticus " 
(sorcerer).* 

However the old chroniclers may contradict each other in other points, the frequency 
witli which the monk Berthold Schwartz is named is at least a surety that the name would 
seem well established, especially as this fact, in connection with the recurring statement that 
he invented gunpowder in Germany, in the main coincides with the time during which guns 
were brought into use. So it would seem that the Freiberg statue to Berthold Schwartz rests 
on as firm a foundation as concurrent history can give. 

, The great incentive to polemic discussion on Berthold Schwartz has arisen from the fact 
that several of the old dates, once accepted as authentic, have subsequently been proved 
erroneous. Thus, those who had adhered firmly to the date 1380 (following the Italian his- 
torians. Flavins, Platina, and Polydorus Virgilius, who founded it upon the first great use of 
guns in the naval encounter between the Venetians and Genoese (1379) at Chioza), subse- 

• Hoyer'B " Geechichte der Kriegskanst," II. Part (1800). p. 1112. 
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quently found themselves mistaken, and were forced to admit the year 1354 as of better 
authority, because it was proved that at that date guns had been used. 

Petrarca (1304, died 1374), in his ninety-ninth "Dialogue" (which, according to 
some, was written in 1344, and to others in 1857 or 1366), mentions guns as then 
abeady generally used. Furthermore, it is proved that powder and guns were sold in 1360 
by lleister Senger at Nuremberg, and that in the same year the Liibeck " Rathhaus " (City 
Hall) was burned down in consequence of carelessness on the part of powder manufacturers. 
In 1366, the citizens of Lowen bought " 12 Donnerbiichsen " (thunderguns or bombarda) ; and 
in 1365, Duke Albrecht, of Brunswick, defended the city and fortress of Einbeck with a 
leaden gun against Frederick, Margrave of Meissen and Landgraf of Thuringia. 

Johann Bothe, in speaking of this gun in his Thuringian Chronicle, says : " The margrave 
had machines built which were to be driven to the castle, and then in the castle he had a 
leaden gim, with which he shot into the works. This was the first gun that was heard of in 
this country." It is further known that, in 1370, Magnus, Duke of Brunswick, carried guns 
with him in his army. 

In 1377, Richard II., of England,* directed Thomas Norbury to buy of Thomas 
Eellswold, of London, " two great and less engines called cannon," and 600 stone shot to be sent 
to the Castle of Brest. In the same year, John Buch, the French admiral, was, says Froissai-t, 
in a " ship with three cannon which cast forth darts." These darts were so large and heavy 
that they did much damaga Some bombards were made to propel shot of extraordinary 
weight. The renowned Peter Doria had his brains knocked out by a stone bullet which 
weighed 195 lbs., shot from a bombard called Trevisian. 

In the year 1379, it would seem that guns were in general use in Eastern Frisia, for 
Eggerich Benninga f writes : " As great strife and riot arose in Friesland, the authorities 
called for the so-called ' Art of Instruments Makers,' and they immediately had guns cast and 
forged ; and they used against their enemies this murderous instrument invented by the 
devil's chaplain and brought by him into use." 

Later historians, .having found that guns were used in 1346, at the battle of Cn^cy ; in 
1342, at Algeziras ; in 1340, on the Salado ; that also, in 1344, powder was knowli at Span- 
dau, and that Augsburg possessed a powder-mill in 1340 — ^the date was again p\it back, and 
1330 adopted ; some among them (B. Meyer, for instance) were not even satisfied with that 
date, because it was said that, in 1334, Margrave Este had guns, and further, that, in 1326, 
they were used at Martos. Finally, going still further back, 1320 was therefore finally assumed. 

Now, although, according to these data, we are decidedly uncertain as to the exact time 
of Berthold's invention, and probably shall remain so, there is no doubt of the main fact that 
long, long before he applied or invented in Germany what we know as gunpowder, explosive 
mixtures of various kinds were known and used far back in the dark ages ; and if we go to 
the East, we find gunpowder itself in use among the Chinese before the Christian era. 

The oldest statement in manuscript, on the preparation of explosive compounds, is said to 
have been made (according to Meyer) by Julius Africanus, in the year 215. According to 
the same authority (Meyer), the Arabs, in 690, when besieging Mecca, hurled balls of fire, by 
the use of naphtha, upon the roof of the Caaba, and the soldiers of the Emperor Leo are also 
said to have used these balls of fire in 811. 

In 668, the Greek Callinicus, of Heliopolis, is said to have communicated to Constantine 
IV. the ingredients of this mixture, termed by the ancients, " naphtha," and now known as 
" Greek fire." It is well known that it enabled the Byzantines to withstand the Crescent 

* Weale's " Quar. Paper on Engineering," vol. v. 

f Qramm's " Allgemeines Magazin, etc.," V. Part, p. 212. 
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for centuries ; and Hoyer directly says that fire was hurled at the enemy, and that balls of 
earthenware, filled with this composition, were fired from tubes ; that the mixture was by no 
means fluid, and that it most probably consisted of the ingredients of our powder mixed with 
resin and petroleum. Later historians and engineers do not go to such lengths, but are satis- 
fied in assuming that Greek fire was probably hurled from a slinging machine of some kind. 
It should be noted that the older statements as to the use of guns are frequently looked 
upon as arising from a misconception of the word " bombarda," and that the earlier guns 
were in fact balistse from which were hurled fiery bodies. 

The oldest authentic statement on gunpowder is attributed, according to Jebb,* to 
Marcus Gracchus; a manuscript bearing his name is said to exist at Oxford, which describes t 
a mixture of 1 lb. sulphur, 2 lbs. charcoal, and 6 lbs. saltpetre, as known in 846. Later, 
Meyer writes that, in 1073, King Salamo, of Hungary, used guns at Belgrade ; and that, in 
1098, the Greeks are said to have had them in a naval encounter with the Pisans. According 
to Hoyer, Peter Mexica quotes from the history of Bishop Peter, of Leon, to the effect that, in 
a naval fight, the ships of the King of Tunisi, at Toledo, about 1086, had certain guns, " bom- 
bardis,'* from which they shot " fiery thunder." 

An old chronicle states that when Kichard I., of England, was oflE Cyprus, in 1191, with 
his fieet, he fell in with and " conquered a mighty argofy," well stored with provisions, arms, 
and other munitions of war, among which were " abundant phials of Greek fire, and three 
hundred combuftible ferpents," or, as old^peed reads them, " fireworks and barrells or cages 
of venomous ferpents." These " combuftible ferpents" were probably of the kind described 
by Joinville, and seem to have been a kind of rocket. 

It is further said that the Tartars, in 1232, used guns against the Chinese ; and (accord- 
ing to Hoyer), in 1247, Don Jayme threw large glowing balls when besieging Valencia. In 
1247, Seville and, in 1249, Dainietta were defended against Louis the Holy with fiery balls 
which were the terror c i the Cnisaders. 

Roger Bacon (died 1284) speaks of the destructive effects of saltpetre compounds as 
then a well-known fact, saying that from saltpetre and other substances terrible thunder and 
lightning may be produced.:}: 

John Mathaus de Lima, in his work " De Rerum Inventoribus," attributes the first inven- 
tion of guns and muskets (bombardam, bombardulam et scolpum manualem) to the learned 
monk, Albert Magnus (died 1280, at Cologne). According to the chronicle of Hieron. Peez, 
of Leoben, Sultan Melech Seraph, in 1290, used three hundred machines which incessantly 
threw Greek fire, while besieging Ptolemais. 

In 1308, guns are spoken of before Gibraltar ; 1311, muskets before Brescia ; and, in 
1312, guns were used by the Arabs before Baza. In the Amberg Arsenal, there is said to be 
a gun bearing the date 1303. From this time on, statements grow more frequent and reliable 
on the subject, and we come to the period before considered, in which Berthold Schwartz 
seems to have applied or invented the substance approximating in nature to our modem gun- 
powder. Though the data given admit of discussion as to whether the " guns " used before 
the Moorish wars were truly guns in our sense of the word, or perhaps only a name for the 
fiery balls hurled by the old slinging machines, there seems to be no doubt that a mixture 
containing a large percentage of saltpetre was known at the time of the Byzantines, and that 
our gunpowder came from the East to Europe. It is certain that, in the beginning of the 
fourteenth century, the existence of such a mixture was widely known in Germany on account 

* Roger Bacon, Opus Majas, D. Sam. Jebb, London, 1733. 

t Hoyer, p. 8. 

X Roger Bacon, Opus Majus, p. 474. Hoyer, p. 37, and additions, p. 1 in vol. i. 
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of the terrible properties with which it was accredited ; and it would seem a fair assumption 
to make, that the matter struck one of the learned monks who at that time alone followed 
scientific pursuits ; that, on investigation, he finally prepared and made known an explosive 
compound of a more perfect kind than any of the former compounds. This opinion would 
seem to be strengthened by the circumstance that the old manuscripts preserved in the monas- 
teries directly claimed that " Barthel V knew of Roger Bacon's works,* and the opinion is 
further backed by the many concurrent sources tending to fix Germany as the locality from 
which the discovery emanated. 

That " BarthePs" invention, if it be accepted as his at all, must at least be placed at 
1320, would seem confinned by the occurrences given in the table at the end of this chapter, 
covering from 1334 to 1344, chiefly concerning Middle Europe. "We see from this table, in 
general, that Germany advanced steadily in the preparation of powder and of guns ; and as, at 
that time, German mercenaries served in the Italian wars, the introduction of guns from 
Germany to Italy, for instance, perhaps at Chioza, in 1379, is the more easily explained, as at 
that time the " Hansa" (Hanseatic League) flourished. 

In the beginning, powder was prepared by hand ; later on, mills were introduced. The 
first true powder-mill in Germany, as has been already noted, is said to havo been in opera- 
tion at Augsburg in 1340, and in 1360 the manufacture of powder miist certainly have been 
going on, for, as we have also seen, the burning down of the Lilbeck Bathhaus (City Hall) 
was attributed to it. 

Later, stamp-mills were introduced in place of the early millstones, between which the 
powder had been ground, the latter being found too dangerous. One Harscher owned a stamp- 
mill near Nm'emberg, in 1435 ; and in the latter half of the fifteenth century, these mills were 
built in almost all Em*opean countries. 

In the year 1692, we are told that there were 22 powder-mills with 829 stamps in 
France alone. The first Silesian powder-mill was built by Pollak in 1536. The first rotary 
mill is said to have been Imilt in 1754 by Ferri, at Essone, in France, and, in the same year, 
Karl Knutberg, in Sweden, describes a similar an*angement — i. ^., rotation of wooden 
wheels around a vertical axis. In 1756, Ferri made a new arrangement, rejected again 
however, in which heavy iron rolls were drawn forward and backward over a horizontal 
plate. 

In the beginning, gunpowder was ground to a powder more or less fine. It was soon per- 
ceived that this formed dust, attracted moisture, and was easily caked. In consequence, 
graining was decided on, and this was first done in France in 1525. Before drying, it was 
pressed through a screen, and the different sizes were distinguished according to the grain. 

Of course, as the use of gunpowder became general, it attracted more or less of royal atten- 
tion. Thus, in 1439, we see Archbishop Giinther, of Magdeburg, making the preparation of 
wall saltpetre a royal prerogative ; and, in 1520, Gustavus I., of Sweden, decreed that tlie soil 
of cemeteries should be leached to produce saltpetre. In 1561, there were 22 saltpetre works 
in Sweden, and there are notes on the subject in Erker's " Beschreibung Allerfiimemisten 
mineralischen Ertz und Bergkwercksarten," page 125 J, Prague, 1574. 

In 1602, it was ascertained how much saltpetre was to be had from a certain amount of 
earth in Sweden. In 1605, a decree by Henry IV., of France, was published on tJie manufacture 
and refining of saltpetre, and, in 1642, the delivery of a certain quantity of saltpetre was made a 
tax in Sweden. In England, in 1626,t the manufacture of saltpetre, says the king (Cliarles T.) 
had hitherto produced much trouble and grievance to the lieges, " by occafioning the digging up 
the floors of their dove-cotes, dwelling-houfes, and out-houfes ; and had alf o occafioned great 

• " Eemliistorie aller freien EtLnsto, etc.," p. 572. f Weale's " Quar. Papers on Engineering," vol. v. 
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charge to the faMpetre men for removing their liquors, tubbes, and other inf truments, and 
carrying them from place to place, but now divers compounds of faltpetre can be extracted 
by other methods, for which Sir John Brooke and Thomas Kuflel, Efq», have received letters- 
patent." 

To encourage so laudable a project, " all our loving fubjects," continues his majesty, 
" inhabiting within every city, town, or village, after notice given to them refpectively, f hall 
carefully and conftantly keep and preferve, in fome convenient veffels or receptacles fit for 
that purpofe, all the urine of man during the whole year, and all the ftale of beafts which 
they can fave and gather together whilft their beafts are in their f tables and f tails, and that 
they be careful to uf e the bef t means of gathering together and pref erving the urine and 
ftale, without any mixture of water or other thing put therein. Which our commandment 
and royal pleafure, being fo eafy to be obferved, and fo neceffary for the public f ervice of 
us and our people, that if any perfon be remis thereof we fliall efteem all fuch perfons con- 
temptuous and ill affected both to our perfon and ef tate, and are ref olved to proceed to the 
punifhment of that offender with >yhat feverity we may." 

1630. Patent granted in England to David Eamseye, " to multiply and make faltpetre 
in an open field, in fower acres of ground, fufficient to ferve all our dominions." 

In 1755, a premium of 4000 livres (pounds) was offered for the best work on the produc- 
tion of saltpetre, which premium was later on doubled. 

In 1788, Lowiz, as well as Godolin, rendered great services in the purification of salt- 
petre, the latter introducing the refining of large quantities. As late as the second half of 
the seventeenth centmy, the proportion of the ingredients of gunpowder was determined 
solely by custom. De la Hire, Papin, Bernoulli, Huygens, Anderson, and Bigot de 
Morogues are among the first investigators who looked into the subject, though the teachings 
of Galileo and Toricelli perhaps served as their foundation. 

The ingredients of gunpowder were at that time : 

In France, 75^ saltpetre, 12 '^ sul., and 12 '^ C. 
" Spain, 78 " 13 " " 11 " 

In 1742, Kobins appeared with his theory of the ignition of gunpowder. How- 
ever, Robins and, after him, Maffei, Vandelle, De Saluce, D'Arcy, Lambert, NoUet, 
and Antoni only took into consideration the quantity and force of expansion of the gases, 
without chemically examining them. Mayow (1669), Stahl (1720), Priestley (1774), and 
Scheele (1778), were the ones who chiefly cast light upon the chemical phenomena involved 
in the burning of gunpowder, and Ingenhouss, Foureroy, BerthoUet, Achard, and Gren 
studied the proportions of the ingredients to be taken, as well as the phenomenon of burning. 
The greatest achievements in this province we owe to Lavoisier (born 1743, died 1794), who, 
in consequence of experiments on the burning of powder made in 1777 to 1778, was enabled 
to shape his famous theory. Experiments made in France resulted in a mixture of 

16 parts nitrate of potash, 
3 " carbon, 
1 part sulphur, 

for the strongest powder ; the other countries in general adopted this proportion, though, of 
course, variations were made accoi'ding to the special object in view, and the character of the 
ingredients used. Don Barcelo (1784), Minando (1789), Baine (1789), and Wurzer (1792), 
attempted to heighten the effect of powder by admixing other substances. As we come up 
to the questions involved in to-day's consideration of explosive compounds, we must remember 
that firing by electricity was mooted long since, though it has only lately come into general 
use. It was proposed by Franklin in 1751, and by Priestley in 1767. (See " Quarterly 
Journal of the Chemical Society of London," 1862, vol. xiv., p. 165.) 
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Moses Shaw, of New York, first practically carried the idea into effect in 1829, and, on 
June 3d, 1830, he took out a patent " for blowing off very large masses of rock by making a 
number of simultaneous explosions ; to effect which a number of holes are to be bored, which 
may stand around in a circle, and be so inclined as to point to one common focus. A priming 
compounded of fulminating silver and gunpowder is to be ignited by a shock from the electri- 
cal machine, there being a suitable arrangement of wires for that purpose." (" Journal of the 
Franklin Institute," Philadelphia, October, 1830. See also Silliman's Journal, vol. xvi., p. 372.) 

.Further, according to the above reference in the " Journal of the Franklin Institute," in the 
words of the patent, it is claimed for the process that " its superiority and usefulness consist 
in enabling operators to burst off large masses of rock, etc., by igniting a number of charges 
at the same instant." 

In I8S2, Braconnet dissolved starch in nitric acid, obtaining a white, combustible sub- 
stance he called xyloidine. In 1838, Pelouze showed the action of nitric acid on wood fibre 
(see " London Chemical News," No. 234, " On the Chemical History and Application of 
Gun-Cotton") ; and, in 1846, Schoenbein, with his discovery of gun-cotton, foreshadowed the 
revolution that has come in mining and tunneling. Sobrero followed him in 1847 with 
nitro-glycerine. Gun-cotton was shown by Schoenbein at the British Association, September 
1st, 1846. His discovery immediately led to many other similar compounds being made. A 
description of nitro-sugar was published by Lewis Thompson, December 8th, 1846 (" Phar- 
maceutical Transactions," 1846-47, vol. vi., p. 349). In the " Comptes Eendus de T Academic 
des Sciences," vol. xxiv., Session of January 25th, 1847, there is a communication from M. 
Pelouze, through Messrs. Flores, Demonte, and Menard, announcing that mannite and the 
various species of sugar and gmn furnish compounds analogous to pyroxyline, by the action of 
nitric acid. Sobrero, in a subsequent letter to Pelouze, noticing the above communication, 
claimed that the idea of producing fulminates from sugar and analogous compoimds had been 
realized " long since " by himself — i. €., prior to Pelouze's experiments. In the same 
letter, Sobrero announces his discovery of nitro-glycerine. 

Owing, however, to the early fear that was manifested in their application, these explosives 
did not come into general use until 1860. In 1862, gun-cotton was again tried in England, 
and, in 1863, Nobel, of Hamburg, began to bring nitro-glycerine into general use as a blasting 
agent. In 1867, he applied it in the form of dynamite, by mixing it with silicious earth ; 
since that time the use of nitro-glycerine has become general throughout the world, it being 
used both in the pure, also as dynamite proper, and in a multitude of otlier forms which 
will be found described more particularly in Chapter III., where also will be found noted va- 
rious other compounds suggested of late years as substitutes for gunpowder. 

The Introduction of Blasting into Mining. 

So much for the history proper of the discovery and early knowledge of explosive com- 
pounds ; we now come to the history of their early practical application. We have seen how 
the knowledge of explosive compounds was applied to the art of war, and that in warfare 
these compounds were used long before Berthold Schwartz finally invented what we now 
distinctively know as gunpowder. As the date of 1320 seems generally adopted for the 
invention of this substance in Germany, by a German monk, it seems strange that there 
should nevertheless be a tradition that is credited by some, that, as early as 1130, powder 
was used for blasting rock in the Rammelsberg at Goslar, and there is also a tradition that 
Pfalzgraf Ileinrich, son of Heinrich der Lowe, destroyed the walls of the Saracen castle 
Chorantura, near Tyre, with the aid of powder, in 1197.* 

•^" Gothaischer Kalender." 1783. p. 150 ; Beckmann's " Tcchnologie," 1706, p. 522 ; " Zagabe za den GOtting- 
8chen*Gelehrten-Anzeigen/' 1782, p. 445 ; " TecUnologie," by Funke, 1812, p. 382 ; '■ Haupt Chronologische Ueber- 
siclit, etc. ,"1861. 
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Historians, however, emphatically combat these statements. Especially Von Veltheim, 
in the " Gottingen Magazin f ur Wissenshaf t und Literatur," 1783, p. 658, etc., and Holzmann, 
" Hercynisches Archiv," 1805, p. 658, show that these statements most probably are the results 
of faulty translations, and probably ref ei* to the use of the fire system of excavation. 

Those advocating these earlier dates contend that gunpowder may have been introduced 
originally through the Deutschritter (German knights), and the Hanseatic League, or through 
the Moors in Spain.* 

The improbability of there being any truth in these traditions is shown from the fact 
that in the old Eammelsberg chroniclers of that date, the application of gunpowder is nowhere 
spoken of ; further, as to tlie legend of blowing up the Saracen castle, old authors directly 
mention that the walls of the castle near Tyre were destroyed by burning, and R. L. Hone- 
mann says, on the authority of Helmoldus, Meibom, and Heineccius, that Pfalzgraf Heinrich 
employed the miners he brought with him from Goslar to the East to imdennine the moun- 
tain, and that, in excavating, they lit a tire, according to home custom, and thus shook the 
walls of the castle. 

Another plan used in these primitive days was to dig under the walls and support the 
ceilings of the galleries on posts, which were set fire to when the mine was completed, and 
the supports being burnt, the walls above fell down. 

So much for the history of the early invention of explosive compounds ; now, let us again 
turn back, and trace up the application of gunpowder proper, as we know it, in its early 
application, in blowing up mines in warfare, and, later, in true rock-blasting. 

The firet decisive note on the use of gimpowder for blasting is placed (according to 
Meyer) in the year 1397, at Merat, where a mine was blown up in military operations. Later 
are noted the mines before Belgrade in 1441, and the ones tried by Knut Posson, commandant 
of Wiborg, in 1495. By many the introduction of powder-mines in military operations is 
attributed to the Genoese engineer, Francesco di Giorgio, from Siena, toward the close of 
the fifteenth century. The real introduction o'f mines in warfare on a large scale, however, 
is generally attributed to Pedro Navarro, who made his first attempt at Serezanalla. In 
1500, he was more successful before St. Giorgio in Cefalonia. In 1503, mines were used in 
the siege of Neapolitan castles, and, in 1523, before Milan ; and Hoyer expressly states that, 
as tlie art was not well known, they met with ill success at Milan, and that therefore, at 
Verona and at St. Paul, they returned to the old method of undermining and heating the 
rock to crack and shake it. 

Meantime the Turks were more skilful, using powder-mines with great success at Khodes 
in 1523, and before Vienna in 1529 ; and during the crusades, miners are said to have accom- 
panied the troops. 

Later, Mathesius writes in his Bergpostill, p. 23 : " Tlie great generals always liked to 

carry miners with them Tlius, in the siege of Vienna, miners are said to have driven 

against the Turkish sappers, and to have met them and captured from them some casks of 
powder. In order to find out whei'e the Turks were with their gallery, they are said to have 
placed a drum upon tlie earth, and at night, when it reverberated, they knew where to sink down." 

Honemann, p. 136, also says that Tilly had 300 miners brought from the Harz during 
the siege of Gottingen, and employed them in mining. 

In his " Geschichte der Kriegskunst," Hoyer (I., p. 525) distinctly mentions that, at the 
time of the Thirty Years' War, companies of sappers and miners existed in the various armfes, 
the Swedes only excepted, whose Dalekarliers were, to a man, miners, and who therefore 
needed no special companies. The same author mentions in vol. ii., p. 129, that tha Turks 

•Bauer, III., p. 521 (1837). 
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also had especial minerB at the si^e of Vienna, whom thev called Lagningys, chosen from 
Armenians, Greeks, and Bosnians, acctistomed to work in the mines. 

From these data, it is evident that the nse of gunpowder as a dismptive agent, as well 
as its application in fiery projectiles, preceded its nse in ordinary mining and blasting by drill- 
holes, and it seems probable that it was finst usefolly applied in mining in moving large 
masses where a bearing could be obtained ; somewliat on the same principle as in military 
engineering. 

Tlius, it is mentioned in the '^ Neucn Schanplatz der Bergwerkskunde,^ part vii., p. 30 
(unfortunately without gi^nng the autliorit>' ), that, as early as the fifteenth and sixteenth 
e3nturies, powder was used in quarries. 

Hover says, in vol. i., p. 222, that, according to Thorn, de Morla, Estaran de Garibay 
and Paul Jovius (the latter a friend of Pedro Xava^io), Pedro Xavarro (1500) had even 
then discovered the elcmentarj' principles of drill-hole blasting long before it had been intro- 
duced in mining. 

Kichter'^s note in his " Bei^baukunde," that ^^ Mathesius mentions in the XII. miner s 
sermon of his Sarcpta, tliat at tliat time (15G2; gunpowder was used for blasting above ground," 
has also been pointed out as a proof of the early tise of drilling and blasting. This quotation, 
however, does not seem justified in supporting the position, because the passage alluded to 
points evidently to mines as used in warfare, and not simply to drilling and blasting. 

It reads in the Xnremberg edition of 1564, p. cxcv. : " And here the text mentions 
the fire with which you miners do excavate and overcome the rock, as Hannibal broke a way 
over the Kuntzcfall ; lighting fire against the rock and cooling the hot rock with vinegar, as 
our warriors do now lift and blast rock and walls with gimpowder and break it with their tools." 

Tliero is also a reference to blasting in Bruckmann's " Unterirdische Schatzkammer," 
p. 890 ; but none of these early notes are sufficiently explicit or positive to establish tliat drill- 
ing and blasting is clearly meant. 

The oldest positive records on blasting and drilling date from 1613, with the distinct 
mention of its use in a mine. 

Gatschmann cites an account of ore raised in the quarter Trinitas, Anno 1715, where, on 
the occasion of the death of a boss killed by a shot in tlie Altvater Fundgrube, the following 
note was made : 

" Drilling and blasting was invented in 1613, by Martin Weigel, chief mining boss at Frei- 
berg ; at first wooden plugs were used to tamp the holes, but for thirty years past (i. ^., since 
about 1685) this has been more safely and easily done with clay. Now, also, at various 
places, certain small hand-drills have been introduced, by which the miners can very advan- 
tageously gain upon hard rock." 

This year (1613), as noting the introduction of drilling and blasting, is confirmed by a 
note to Rossler's " IlellpoHertem Bergbauspiegel," discovered by Berghauptmann Treiesleben, 
and published by Gatzschmann, p. 329, where it is said tliat, according to a report in manu- 
script, dated October 30tli, 1613, by Martin Weigel, Ol^erbei^meister to his " Churfiirstliclie 
(Electoral) Highness" of Saxony, he claimed to be the inventor of drills, and had therefore 
applied to his " Churf iirstliche Highness " for the grant of a privilege. 

Finally, also, Augustus Bayer, in his work, " Das gesegnete Markgrafenthum Meissen," 
published 1732, says of this date, 1613 : " In this year, Martin Weigold* invented the drilling 
of rock with a plug insertion." 

• Weigel, not Weigold, born 1555, at Schwarzenlierg, in Saxony, when twelve years old, was, according to 
custom,* sent to the Harz mines to work ; he thence returned to Saxony, and held various positions : in 1582, 
Steiger in Sdineeberg; 1590, Markschelder ; 1593, Berggeschworner ; 1595,Bergmeister in Annaberg; 1597, Berg- 
verwalter, and, finally, in 1601, Oberbergmeister. Died 1618. (RXiha following CalvOr and Gatzschmann.) 
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However, all the old mining authors are not unanimous in designating tlie year 1613 as 
the one in which the invention of drilling and blasting appeared ; sometimes a later date is 
given. 

For instance, Balthasar Rossler (1700) says, in his excellent work, vol. iii., chap. 5, § 3, 
p. 62 : " This blasting came to Germany from Hungary in 1627, and was used at Grdsslass ; then 
it was brought to the Harz, from whence it spread in all directions. Though it was not liked 
in some places because the destruction of the mine was feared, it has done much service ; 
many mines have been reopened and made valuable wliich were not workable before by hand, 
because too much time was lost and too many tools used up ; now there is a saving both in 
tools and tune." 

Honemann says on this subject (§ 282, p. 174), that " in the year 1632, some one, whoso 
name is unknown, showed (in the Ilarz) how to facilitate mining by drilling and blasting." 

Kenning Calvor, in his work " Nachrichten iiber das Berg- und Maschinenwesen am Ilarze, 
etc.," in addition to other interesting historical notes, vol. ii., p. 21, gives, with Bayer, 1613 as 
the correct date, and he adds that he could make nothing out of Rtissler's account, or of 
Christian Melzer's,in his "Stadt& Berg-Chronik vom Schneeberg" (1716), where he (Melzer), 
p. 197, says that " drills came to Meissen from the Harz." 

Calvor also writes that blasting was used, 1632, in Clausthal, but that expenses for powder 
do not appear in the weekly bills before 1634. 

In his letters, " Ueber mineralogische Gegenstande," Born says, that in a mine near Diillen, 
not far from Schemnitz, in Hungary, he saw large bore-holes in the year 1637 cut into the 
rock. 

That before 1613, experiments made with blasting, if made at all, were but exceptional 
and attracted no general attention, seems proved by Agricola, Mathesius, Lohneyss, and the 
chroniclers of the Rammelsberg. 

The first, Agricola, the oldest author on German mining, only mentions, like Mathesius, 
the great difficulty of working hard rock, and speaks of no trial of blasting with powder in 
mines. Figs. 3 and 4 are cuts from Agricola showing the fire-setting system. The 
chroniclers of the Kammelsberg mine, also Hacke, Rawen, Honemann, and Bruckmann, 
speak of how, under Duke Henry the Younger, in 1552, the deep Meissner-Stollen (Meissen 
Adit) was reopened, and the rock grew so hard that the work had to be abandoned. 

As Lohneyss's " Bericht vom Bergkwerck " appeared in 1617, or four years after Weigel's 
first trial of drilling and blasting, it would certainly seem that even then blasting had not been 
introduced in the Harz mines as of general notoriety, for Lohneyss has nothing on the subject. 
On page 10, he says : " Tlie tools with which they work in the mines are : large hammer, small 
hammer, wedge, sliovel, pick, and gad ; these are all the tools with which ore is gotten." 
And page 55 : " In soft lodes they work with a pick, but in the hard ones with wedge and 
hammer ; .... in the very hard ones, fires are built." 

These quotations exhaust the most eminent old Gennan mining authors. Whatever may 
have been the data of the first trials with drilling and blasting, it is certain that by 1634 to 
1644 the use of powder had become more general, for, in 1634, the Harz mining accounts 
show expenses for powder, and it is said that there are even traces of drill-holes at Diillen 
dating from the year 1637, which, no doubt on account of their novelty, M'ere then marked 
with the date ; it is further established that blasting was introduced into the Hohe Birke 
mine in the Freiberg district about 1643. Now, assuming that Martin Weigel made his first 
experiments in blasting in 1613, as we have seen that Berthold Schwartz's discovery dates 
from 1320, it would appear that some two hundred and ninety-three years elapsed, after its 
original discovery, before gunpowder was applied in mining, and some thirty years more 
passed after Weigel's application of it, before it was found in general use in tlie German 
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mines. Even after its use had become generally known, it would appear that the progress 
toward the adoption of blasting, as the chief means of rock excavation, was exceedingly slow. 
In the year 1693, the total quantity of pow^der used in Germany is said to have only amoimted 
to 19 cwts. In 1644, fifty-seven shots only were fired in the mine, Hohe Birke using 117 
lbs. of powder. In 1675, thirty-one years later, only 3 cwts. were used in this mine, while 
in the same year (1676) the consiunption of powder in the whole Freiberg region had risen 
to but 100 cwt.* At this period, blasting is very generally mentioned in technical literature ; 
as in Eechenberg's " Hermundurorum" (1680) ; Andrea Bayer (1681), in his " Liederbuch ;" 
" Unterricht vom edlen Bergwerk " (1687) ; in Schonberg's " Berginformation" (1693) ; and 
in Balthasar Eossler's " Bergbauspiegel " (1700), etc. 

Counting from 1613, it is said that fifty-seven years elapsed before blasting was taken to 
England by German miners ; and one hundred and eleven years before it was taken by them 
to Sweden. For seventy-two years, bore-holes were stopped with a wooden plug before it 
was discovered that tamping with clay or any soft material sufficed. Eighty-three years 
passed by before narrow bore-holes were used ; for one hundred and seven years, boring was 
done by several hammers on one drill, and for one hundred and twelve years blasting was only 
auxiliary work, cuts being made into the rock before the face was blasted out. Again, one 
hundred and thirty-four years elapsed before it was officially decreed in the Freiberg region 
that blasting should be used in hard rock instead of pick and gad work ; one hundred and 
seventy-seven years are said to have passed before the advantage of leaving a hollow space 
was mooted ; one hundred and seventy-eiglft years before the use of sand-tamping was found 
out ; two hundred and eighteen years rolled by before Bickford, in England, invented the 
safety-fuse, and it is notable (as we have before seen) that in the same year (1831) the first 
patent for the simultaneous blasting of a number of holes by electricity was taken out by 
Moses Shaw, of New York. Further, two hundred and thirty-three to two hundred and tliirty- 
f our years elapsed before Schonbein a^nd Sobrero inaugurated the era of high explosives by tlie 
discovery of gun-cotton and nitro-glycerine ; two hundred and thirty-six years before Couch, 
of Philadelphia, made the first percussion rock-drill ; and, finally, two hundred and forty- 
eight years after Weigel's day — i. ^., in 1861 — machine rock-drilling was finally trium- 
phantly established at Mont Cenis. 

Drilling and blasting, of course, in its early days, had to contend against the opposition 
always incidental to the introduction of a new practice. Until 1696, large holes of from 2 
to 2^ inches diameter were always drilled, and, as a rule, they were put about 40 inches 
deep. This depth, and the fact that not until 1673 in Saxony (?) and 1720 in the Harz, 
was one-hand drilling used, shows that at least, in the narrow adits and headings, shots must 
often have been disadvantageously " set.'' The great width of the holes, the want of skill in 
drilling, and the use of insufficient tools, which drilled poorly and required frequent sharpen- 
ing, all tended to render the new process a costly one. Until 1749, crown and cone drills 
Figs. 17(a) and 17(J), were used, as the chisel-bit drills were only then introduced. The drill- 
ing of a hole of the above dimensions, we. are told, cost 16 g. Gr. 3 Pf. in the Freiberg region, 
in 1643 ; the firing of the shot was especially paid for at a cost of 3 g. Gr. 

Now, as the wages for a shift of 8 hours were, at the time, 4f g. Gr., assuming that three 
men, drilling a 40-inch hole, required 11 to 12 hours' work, it cost, with 2 lbs. of powder (at 
8 to 9 g. Gr.), in all (with or without extra expenses ?) 36 g. Gr. 3 Pf ., or more than 1^ 
Rtlilr., a sum which in those days represented considerably more tlian it does now. It is also 
of interest to note that at that time the charge of a hole had already been fixed at one third 
of its depth ; for, assuming 1 cubic inch of powder equal to 1 oz. old weight, then the 2 lbs. 

* In 1848, the consumption was 2420^ cwt. 
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charge required 64 cubic inches, corresponding with a diameter of the hole of 2^ ta 13 inches 
space occupied by powder, or one third of the depth. 

Other reasons for the slow introduction of blasting were, doubtless, the danger of the 
work, so much greater in the early stages of the arts, when all was experiment, and no experi- 
ence could be brought to bear; also the cheapness of wood at that time was a strong 
argument in favor of the old fire-setting system ; and the argument which we have seen raised 
in modem times against the newer explosives, that the gases generated would be injurious to 
health, must have been urged with tenfold force in the early beginning. Also, there was the 
natural apprehension that these powerful explosions would endanger and shake all the adjoin- 
ing workings. 

Now, to i*ecapitulate briefly, we have seen that at first wide holes were deemed essential 
in all cases ; that subsequent practice showed that greater economy and more work conld be 
obtained by varying the diameter of the hole according to its location, and that in time the 
old wooden plugs were superseded by clay-tamping. These were the gradual practical devel- 
opments of a century of mining ; but, meantime, experiments on a large scale had been going 
on in military engineering, inaugurated in 1686 by Vauban at Douay, and (according to 
Migrini) at Toumay. Controversies with Belidor and others arose over the results obtained. 
La Fere, in 1725, obtained other results, and D'Abouville threw further light on the subject 
in 1729. Further experiments were made at Turmel and Antoniazzi in 1739, by Belidor, 
and, finally, in 1753, under the direction of the Duke of Belle Isle, a new set of trials were 
made, and the existence of Belidor's " globe of compression " confirmed. This latter is the 
name applied to the effect produced when the charge is lodged so deep underground that its 
explosion is not perceptible on the surface, but nevertheless shakes the ground all around and 
destroys the hostile mines in the neighborhood. Le Febre again confinned the existence of 
" globes of compression " in a set of experiments in 1754 near Potsdam, and they were 
actually used by him in 1762 in besieging Schweidnitz. 

Opinions did not agree also as to the shape of the cavity produced by an explosion. 
Miiller, who was present during the experiments of La Fere, contended that it was a truncated 
paraboloid, while Geuss opposed this, and measured the effect simply by straight lines. 

Another point also was raised, which was especially advocated by Ingerhouss and Pinto ; 
they maintained that a charge should not be rammed closely, but that a hollow space should 
be left to allow the admixture of atmospheric air with the gases at the very moment of igni- 
tion. Finally came Lavoisier, who, we have seen, finally settled the chemical questions 
involved. 

To revert to drilling and blasting in mining proper, the first " theory on blasting " 
seems to have been advanced by Dr. Baader (his principles were published in 1792, gathered 
from experiments made by him, in company with Berggeschworener Wentzel, in the Freibei^ 
region). Although Baader's opinions were by no means universally adopted, they nevertheless 
gave rise to extensive experiments, which (probably from having been made in different ma- 
terials under differing circumstances) it seems diffei*cd essentially from Baader's results, and 
gave rise to various controversies. 

These attempts at " improvements " bore on the various questions of improved metliods 
of manufacturing powder, on enlarging the powder-chamber in the bore-hole, on the mode 
of tamping, the mode of firing, and the best method of drilling holes. Some advocated the 
admixture of other substances with the powder ; others sought to gain the greatest effect of a 
shot from better tamping ; sand was tried, and plugs of different substances. Here also, as 
in military engineering, the hollow-space theory was mooted, and the advocates of the theory 
differed as to whether the space should be left below the charge, or in its midst, or directly 
above it. 



46 THE BISTORT OF TUNNELING. 

Others introduced wedges and cones into the tamping in order to tighten it«; and some 
strove to obtain as large a surface of attack for the force of powder as possible, by widening 
the holes at the bottom by the use of oxy-hydrogen gas, or by using corrosive acids in calcar 
reoDS rocks, or by expanding borers intended to enlarge the hole at the bottom (this idea is by 
DO means dormant at the present day, as shown by Figs. 51 to 53). Then came patents for 
mechanical hand-drills, and, finally, machine-drilling and^tlie use of high explosives. 



CHKOXOLOGICAL TABLE.* 

OOSTAJHOrC THE MOST IMPOBTAXT EVENTS OONCEENINO EXPLOSIVE COMPOUNDS, DRILLING AND 

BLASTING. 



SO- — ^The Cliinese are said to have known of powder prior to this date. 

216- — Julius Africanus is said to have described the preparation of powder. 

6d8. — Callinicus, of Heliopolis, communicated the knowledge of Greek fire to the Byzan- 
tines* 

690.— ^According to Elmacinus, Hagiagaus is said to have thrown balls upon the roof 
of the Caaba by means of " naphtha " (Greek fire), and to have crushed and ignited it. 

811. — Emperor Leo is said to have had fire-arms of some kind. 

846. — ^Marcus Gracchus (in a work preserved in the University of Oxford) records an 
explosive mixture of one pound of sulphur, two pounds of charcoal, and six pounds of salt- 
petre. (S. Jebb, London, 1733.) 

880. — Leo, the philosopher, made rockets for the army of the Eastern Eoman Empire. 

1086. — Li a sea-fight near Toledo, " fiery thunder" was shot from the ships of the King of 
Tunis. (Peter Mexica, on authority of Bishop Peter of Leon.) 

1098. — In a sea-fight with the Pisans, the Greeks used some species of fire-arms. 

1130. — At this time, rock is said to have been blasted with powder in the Rammelsberg, 
near Goslar (?). (This tradition is not well authenticated and is much questioned.) 

1163. — A silver mine worked in Cumberland (England) by King David. (Weale's " Quar. 
Papers on England," vol. 5. Probably worked by pick and gad, or equivalents : perhaps fire 
system : certainly no explosive used.) 

1191. — Richard I., of England, conquered off Cyprus a "mighty argofy," 

" ftored with abundant phials of Greek fire and two hundred combuftible ferpents." 

1232. — The Tartars used fire-arms. 

1238. — Don Jaymo used " large fire-balls which burst " at the siege of Valencia. 

1247. — Seville defended with fiery projectiles. 

1260. — Tlio Arabs used an explosive compound before Damietta. 

1280. — Albert Magnus, the German preaching friar, who was of the lineage of the Counts 
of Ballstadt of Laningen, described powder, and is said to have known of muskets. He died 
6t this date. 

1284. — Roger Bacon (died 1284) speaks of the components of powder as already known 
(Do Militate Magise). 

* Tko ground- work of tbU table was originally compiled bj Mr. Fiani HSiha. (See vol. i., p. 58, of Lis 
" liohrbuoh der Qesammten Tunnclbaukunst/' 1804.) The author of this work has translated Mr. Rziha's notes, 
and also supplemented the table with English, Amexioan, and other data. 
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1296. — The miners in Devonshire were either too few in number or not sufficiently skill- 
ful, for, in this year, 337 miners were brought from the wapentake of the Peak, in Derbyshire, 
to Martinstowe, who fined and cast into bars 704 pounds weight of silver. In the next year, 
348 miners, brought from the same place, 25 from Wales, and others, natives of the county, 
were employed, but the quantity of silver raised has not been stated in the accounts. In the 
next reign, silver continued tp be brought to the kings moneyers from these mines. 
(Weale's "Quar. Papere on Engineering," vol. v.) (No explosive used, of course.) 

1303. — ^A gun, with this year engraved upon it, is said to be in the arsenal of Ambeig. 

1308 — The Spaniards used fire-arms. 

1311. — ^Brescia attacked by Henry VII. with blunderbusses. 

1312. — The Arabs had fire-arms at tlie siege of Saza. 

1320. — Beethold Schwabz is said to have invented ounpowdee (tlie year varies, with 
different authorities, between 1320, 1354, and 1380). 

1326. — ^Martos attacked with fire-anns. 

1331. — Fire-arms used before Alicante by the Moors. 

1334. — The Margrave Este had muskets. 

1338. — There is a report of powder and guns being used at the siege of Pui Guillaume. 
Guns are said to have been known in Prussia and Lithuania. 

1340. — A powder-mill is said to have existed at Augsburg. 

1340. — Guns used on the Salado, not far from Tanariffa (Tarifa t). 

1342. — Guns used at the siege of Algeziras (according to Juan Nufiez de Villasan), 

1344. — (1357 or 1366, according to others) Petrarca describes the horrible effects of the 
newly-invented powder and guns. 

1344. — Gunpowder was known in Spandau. 

1346. — Guns used at the battle of Cr6cy. 

1347. — Cannon used at the siege of Calais by Edward III. (according to Camden). (See 
Weale's " Quar. Papers on Engineering," vol. v.) 

1366. — In the accounts of expenditures of the city of Nuremberg the first payments for 
powder and guns appear (Iloyer, on authority of Paul von Stetten, Augsbui^, 1765). 

1366. — The inhabitants of the city of Lowen bought 12 blunderbusses. 

1360. — The City Hall of Liibeck burnt down in consequence of the negligence of powder- 
makers. (Hoyer, on authority of Herman Comer's chronicle of Liibeck.) 

1360. — Senger, of Nuremberg, sold powder and gmis. 

1361. — In a sea-fight between the Danes and the Hanse, guns are used. 

1364. — The city of Perugia ordered 500 muskets. (Hoyer, according to Pompeo Pellini's 
" Istoria die Perugia.") 

1366. — The Margrave of Misnia had pieces of artillery. Einbeck defended by Duke 
Albert of Brunswick with a gun shooting lead. (Gramm, on authority of Eothe's chronicle 
of Thuringia.). 

X370. — Duke Magnus, of Brunswick, used blunderbusses in his army. (Hoyer, according 
to Putter's " Manual of the History of the German Empire," 1762.) 

137X — The inhabitants of Augsburg shot stones from metallic falconets upon Duke 
John, of Bavaria. (Hoyer, on authority of Paul von Stetten.) 

1372. — Niklas van Eune, of Rypen, executed, because he took two small casks of sulphur 
and saltpetre to the enemy (according to a manuscript found by Gramm). 

1372. — Gnms used at the siege of Asti. 

1373. — The citizens of Prague had a gimner. 

1374. — The city council of Speyer had in its pay a master-gunner (according to Christof 
LehmannV 
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1374. — The Paduans fired upon the Venetians* camp. (Hoyer, on authority of Ohinnoza 
della guerra di Chioza, 1729.) 

1377. — ^Bichard II., of England, bought " two greater and lefs engines called cannons 
and 600 ftone fhot." In the same year, John Buch, the French admiral, had a ship with 
" three cannon, which caf t forth daits." 

1378. — John, of Aran, cast at Ulrichshof, in Augsburg, three large ordnance pieces, 
which threw balls of 127, 70, and 50 pounds to a distance of 1000 paces. How to load and 
fire these pieces he only taught the three counselors, Johann Yenden, Johann Ilsyngen, and 
Johann Flinsbachen (authority of Gassarus). 

1378. — Francis Carara used guns against the Venetians (according to Chinnoza). 

1378. — The English had 400 cannon at the siege of St. Malo. 

1379. — At the sea-fight near Cliioza, guns used largely. (According to Andrea Gattaro's 
" Istoria Padovana," the Genoese had galleys provided with " bombarda," which they had 
previously taken from the Venetians.) 

1381. — The citizens of Ghent used fire-arms against Bruges ; also there was a bombard 
used which threw stones at the siege of Oudenarde, the report of which could be heard at night a 
distance of " ten hours' circuit " (about thirty to thirty-five English miles). Froissart says of 
the bombard used at the siege of Oudenarde, that it was fifty feet long, " and threw great, 
heavy stones of wonderful bigness. It might be heard five leagues by day and ten at m'ght, 
making so great a noise as if all the devils in hell were abroad." 

1381. — Augsburg funushed as a quota fire-arms and thirty harquebusiers (according to 
Zenk's chronicle of Augsburg). 

1381. — The French threw " Greek fire" on the English at the siege of Barbourgh. 
(Weale's " Quar. Papers on Engineering," vol. v.) 

1386. — The Paduans used small harquebusses against the Lord of Scala. 

1393. — The Bishop of Mayence had guns. 

1397. — ^POWDEB-MINES USED AT THE SIEGE OF MeBAT. 

1400. — ^Powder known in Sweden. Henry V. forbade its export to England. 

1402. — The citizens of Breslau had a gunner by the name of Niklas. 

1408. — The people of Brunswick had a gun called the " Faule Metze." 

1408. — Darts, or quarrels, shot from cannon. ^^ The Earle of Kent was smote on the 
heade by a quarrel from one, and died." (Weale's " Quar. Papers on Engineering," vol. v.) 

1412. — Gunpowder manufactured in England : this year its exportation was prohibited. 
A license granted to the ambassadors of the Earl of Alen$on to carry home with them 400 
lbs. of saltpetre and 100 lbs. of sulphur. These seem also to have been forbidden articles. 
Gunpowder, when first made, was not corned or granulated, but used in its mealed state, and 
was then called " serpentine powder." (Weale's " Quar. Papers on Engineering,'* vol. v., 
p. 34.) 

1414. — The Brandenburgers had a gun called " Faule Grete." 

1414. — At the siege of Arras, hand guns and leaden balls used against Charles VL 

1416. — ^Henry had cannon at the battle of Agincourt. The French within their lines 
had saximava (mangonels or bombards ?) Elmham says that when the English army, com- 
manded by the Duke of Gloucester, besieged Cherbourg in 1418, the besieged discharged 
red-hot halls of iron, to bum the huts in which the English soldiers were lodged ; yet Polydore 
Virgil says that the French hardly knew the use of cannon by 1425. (Weale's " Quar. Papers 
on Engineering," vol. v.) 

1419. — Henry V., of England, ordered 7000 stone cannon-balls made from quarries oh 
Maidstone Heath. 

1419. — Brass guns generally introduced. 
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1419. — Cannon-balls made of stone. Henry V., of England, commissioned John Louth, 
clerk of the ordnance, and John Keemnet, mason, in Maidstone, to make 7000 cannon-balls 
from quarries on Maidstone Heath. Twelve great carriages were to be provided for the land 
guns, and twenty pipes of powder made with " charcoal of willows." The use these balls 
were put to is given in an old chronicle : " Henry V. received a tauntyne ineaffage f rome the 
dolfin of Fi-aunce, and a tonne of tennes balles (in derifion). Hee anoone lette make the tennes 
balles for the dolfin to playe withalle. Hee playede att the tennes withe his haixie gonne- 
ftones that were fhott into the towne, and whenne they beganne to playe, they withinne the 
towne fange well awaye, and fayde alias thatt evir fuche tennes balles were made, and curfede 
all thofe thatt the warre beganne, and the tyme thatt they evir were borne." The material 
the " gonnes" were made of seems to have varied. Caxton, in 1486, speaks of " a grete 
gonne of bras, and manie othere grete gonnes and ?erpentynes." Balls of lead and iron were 
used, and " erthe balls," probably baked clay-balls. (Weale's " Quar. Papers on Engineering,'' 
vol. T.) 

1423. — ^Muskets became more general in the Hussite wars. 

1429. — The first shooting at a target with fire-arms on record was held at Nuremberg. 
(Memoirs of the City of Nuremberg.) 

1430. — Target-shooting held at Augsburg. (History of the Imperial City of Augsburg.) 

1430. — Handguns or hand-cannon were used at the siege of Lucca, They were soon 
after introduced into England. They are thus described by Billius, a noble Milanese : " The 
Milanese, besides darts, and what projected arrows, invented a new kind of weapon, also in 
their hands they held a sort of club, about 1 J cubits long ; to this were affixed iron tubes 
which, being filled with sulphur and nitre, emitted iron balls. The blow, if it struck, was 
certain destruction : neither armor nor shield were sufficient protection, for often two or 
three deep, if fired upon, would be transfixed by a single ball. For two hundred years after 
the invention of gunpowder, all fire-arms were called cannon." (Weale's " Quar. Papers on 
Engineering," vol. v.) 

1430. — Henry VI., of England, having failed in his attempts to procure gold and silver 
by the art philosophical, brought over, in 1430, Michael Grosselyn, Greorge Harbryke, and 
Matthew Lameston, three famous miners, with thirty other miners in their company, from 
Bohemia and Hungary, to superintend and work the royal tin mines, and instruct the Corn- 
wall men in their art. (Weale's " Quar. Papers on Engineering," vol. v.) 

1431 — The Hussites took 150 cannon at Rosenberg from the Germans (according to 
Lenpant's " History of the War of the Hussites"). 

1436. — Harscher owned a stamp powder-mill at Nuremberg. 

1439. — ^Archbishop Gunther, of Magdeburg, made wall nitre a royal prerogative. 

1441. — ^Mines used at the siege of Belgrade. 

1447. — The citizens of Erfurt, armed with muskets, ran to the walls when William of 
Saxony passed by. (Meekenii, Scriptor, 1730.) 

1447. — Coimt Diinois set fire to the Audemer bridge with the same kind of rockets that 
had already been used at Chioza. 

1461.^-Some soldiers in England provided with hand-guns. These tubes were bound 
round at different distances of their length, being composed of two or more pieces thus held 
together. (Weale's " Quar. Papers on Engineering," vol. v.) 

1476. — The use of powder mentioned in Kussia. 

1476. — Harquebuss invented. (Weale's " Quar. Papers on Engineering," vol. v., p. 39.) 

1496. — Knut Posson, conunandant of Wiborg, used powder-mines. 

1600. — Pedro Navarro used mines at St. Georgio. 

1603. — Also at the siege of Naples, 
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1620. — Gustavus I., of Sweden, ordered the eartli of elmrchyards to be lixiviated for the 
purpose of extracting srJtpetre. The peasants offered to furnish him saltpetre. 

1623. — Mines used by the Turks at Rhodes. 

1623. — At the siege of Milan, the mines sprung with bad success, so the besiegers returned 
to the old method of burning the supporting timbers. 

1626 — Powder first grained. 

1629 — The Turks used mines at the siege of Vienna. 

1636 — Pollak built the first Silesian powder-mill. 

1643 — Bombshells. — " The king, Henry VIII., minding," as Stowe has it, " his wars 
with France, made great preparations and provifions, as well of munitions and artillery. 
Among which at that time one Peter Callen, a gunfmith, conferring with Peter Bawd, 
devifed or caufed to be made certain mortar-pieces, being at the mouth from eleven to nine 
inches wide : for the uf e whereof, the faid Peter caufed to be made certain hollow fhot of 
caft yron, to be ftuffed with fyrework, whereof the bigger fort for the fame has fcrews of 
yron to receive a match to carry fyre for to break in f mall pieces the faid hollow fhot, whereof 
the fmalleft piece hitting a man would kill or fpoyl him. And after the king's return from 
Bullen, the faid Peter Bawd, by himfelf, did make certain ordnance of caft yron of divers 
fortes and formes, as fawconet, falcons, fakers, minions, and other pieces." (Weale's " Quar. 
Papers on Engineering," vol. v.) 

1661. — There were 22 saltpetre manufactories in Sweden. • 

1661 — Queen Elizabeth, by the advice of her council, this year brought several Germans 
into England, who were experienced in mining. (Weale's " Quar. Papers on Engineering," 
vol. V.) (In 1564, the queen granted patents to two of these miners, Houghsetter and Thur- 
land, to search for mines, etc., in eight counties. In 1566, a second patent was granted to 
William Hiunphreys and Christopher Shute (a German), to dig and work «dl mines, etc., in 
England, Wales, and Ireland, not included in Houghsetter's patent.) 

1666. — The Turks used mines at Malta. 

1674. — Lazarus Erker, of Prague, described the extraction of saltpetre. 

1687. — ^In the instructions given to choose a harquebuss, " a Mylan peece," or barrel, is to 
be preferred, because " they bee of a toughe and perfect temper, lighte, fquare and bigge of 
breeche, and very f trung where the powder doth lie, and where the violent force of the fire 
doth conliste, and notwithf tanding thin at the end. Our Englifh peeces approach very neer 
imto them in goodneffe and beautie, their heavineffe only excepted, fo that they bee of pur- 
pof e and not one of thef e f ale peeces with round barrels." (Weale's " Quar. Papers on Engi- 
neering," vol. V.) 

1589 — Gun wheel lock (first used at the siege of Parma in 1521, when it was defended 
by the Marquis of Foix) introduced into England. It had previously been introduced into 
Germany in 1586. " It was," says Meyrick, " a contrivance for exciting sparks of fire by the 
friction of a furrowed wheel of steel at the bottom of the pan, which, with a quick revolution, 
grated against a piece of pyrites." (Weale's " Quar. Papers on Engineering," vol. v.) 

1602. — The amount of saltpetre which could be extracted from a certain quantity of 
earth established in Sweden. Bianco speaks of powder-mills as existing. 

1606 — Henry lY., of France,* issued an ordinance with respect to the extraction and 
purification of saltpetre. 

1607. — Fire-arms had now nearly wholly superseded the ancieni catapult and bows. 
(Weale's " Quar. Papers on Engineering," vol. v.) 

1613. — Martin Weigel, mine superintendent of Freiberg, proposed drilling and 
blasting in mining. 

1626. — General proclamation issued in England by Charles I. for " all our loving fub- 
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jects " "to carefully and conf tantly keep and preferve all the urine of man 

and all the f tale of beaf ts during the whole year," to be used in the manufacture of saltpetre. 

1627. — The practice of drilling and blasting said to have been carried from Hungary to 
Germany. (Tliis date and the preceding 1613 are tlie prominent conflicting ones.) 

1629. — A powder-mill, worked by horses, established at Breslau. 

1630. — Patent granted in England to David Eamsay, for the manufacture of saltpetre. 

1632. — Drilling and blasting introduced into the Harz Mountains. 

1634. — The first expenditures for powder that are found in the weekly accounts of the 
ITarz are of this date. 

1640. — General Leslie surprised tlie English army with his tin artillery, covered with 
leather. They would bear two or three discharges. One Scott, a Scotchman, who had served 
under Gustavus Adolphus, was their inventor. (Weale's " Quar. Papers on Engineering,'' 
vol. V.) 

1642 — The delivery of saltpetre made a duty in Sweden. 

1643. — Drilling and blasting introduced into the mine Hohe Birke, in ilie district of 
Freiberg. At this date, in the Freiberg district, bore-holes were drilled generally to the 
depth of about 40 inches, and not less than 2 to 2^ inches in diameter. Each hole was charged 
with about 2 lbs. of powder, and the cost of boring a hole amounted to 16 g. Gr. 3 Pf. For 
firing a shot, 3g. Gr. were paid. The wages for a shift of 8 hours were 4f g. Gr. A Leipsic 
pound of powder cost at Freiberg 8 to 9 g. Gr. 

1644. — During this year, 117 pounds of powder were used, and 57 shots (2 pounds of 
powder per shot) were fired in the mine Hohe Birke. 

1669. — ^Mayon published his chemical analysis of powder. 

1670 — Blasting introduced into England by German miners. 

1673. — It is said that, prior to this date, one-hand drilling had been introduced. 

1676. — As much as 300 pounds of powder were used at the mine Hohe Birke during the 
year. 

167B. — 99 cwt. 74J lbs. of powder were used in the whole Freiberg district. (In the 
year 1843, the consumption amoimted to 2439 cwt. 25 lbs.) 

1682. — According to Calvur, the leather cartridges used in the Harz, formerly costing 
4 Mgr. a piece, later 3 Mgr., were reduced to 2 Pf. in cost during the year. 

1683. — Henning Huthmann, M. A., Rector of Ilef eld, proposed the first boring machine — 
a kind of large borer or stamp to be raised by a rope drawn by two men, and then dropped. 
(Calvor.) (The weight of authority seems to be that this was a kind of large shaft-borer, 
rather than a rock-drill.) 

1686. — Tamping with clay was at this date known in Saxony (according to notes on the 
account-sheets of the year 1715). 

1686. — ^Yauban and Migrini made experiments in regard to military mining at Douay 
and Toumay. 

1686. — Brass-loading needle introduced (according to Calvor). 

1687. — Charles Zurabe introduced into the Harz, tamping with clay and reeds filled witli 
powder for firing. 

1688. — The Obergeschworene Singer, of Clausthal, introduced small firing tubes of hard 
wood. (Calvor.) 

1689. — Hans Luft, a bookbinder of Clausthal, introduced pasteboard cartridges in place 
of the old leather ones. (Calvor.) 

1693. — 19 cwt. of powder shipped weekly to Clausthal during the year. (Calvor.) 

1693. — An order issued in the Harz that blasts should only be fired at fixed times. 
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1696. — Drill-holes reduced to 1^- inches in diameter, also bored only to the depth of 14 to 
18 inches where required, instead of the old deep holes. 

1717. — Fritsch proposed to save powder and to break the rock by wedges driven into the 
bore-holes. 

1720. — One-hand drilling introduced in the Harz Mountains. (Up to this date — i. ^., about 
one hundred years from tlie introduction of drilling — eitlier two or thi-ee hammers had been 
used to a drill in all work.) In this year, Stahl made researches on powder. 

1721. — Bartels, of Tellersfeld, is said to have invented a machine for drilling or boring 
(said to be for sliafts). 

1724. — Drilling and blasting introduced into Sweden by German miners. 

1726. — At this date, the effect of simultaneously firing several adjoining shots was already 
known at Bohemian and Saxon Zinnwald. 

172B. — Belidor made his experiments with mines at La Fere, and established a new theory 
of mines in warfare, overturning Vauban's doctrine. 

1747. — ^An ordinance published by the chief mine office at Freiberg, " that hammer and 
gad work be discontinued as far as possible, and drilling and blasting adopted thi'oughout 
instead." 

1749. — Silberschlag blasted ice in the Elbe at Klosterbergen. 

1749. — Hungarian miners first introduced the chisel-bit drill into the Harz. (For a period 
of one hundred and thirty-six years from Weigel's day to this date, all drilling had been done 
by means of crown and cone drills.) (See Figs. 17 (a) and 17 (5), p. 102.) 

1763. — An " air-engine " used at Schemnitz by HoU for raising water. 

1766. — ^An extraordinary reward fixed in France for the best method of manufacture of 
saltpetre. 

1769.^ — ^Drilling with a chisel-bit introduced into Saxony. 

1760* — Thunberg introduced into Sweden tamping with wedges. 

1767. — According to reliable reports, simultaneously firing was in vogue at this date in 
Saxony. 

1788. — Lavoisier enimciated his theory of the combustion of powder. 

1788. — ^Picric acid discovered. 

1790. — Wentzel and Dr. Baader tried firing with a hollow space, and used gypsum as a 
tamping. In this year, Baader promulgated his theory of blasting. 

1791. — ^Le Plat used sand as a tamping. 

1792. — Seiffert, a mine boss, proposed to use a kind of wooden plug in blasting. 

1792. — Baader proposed making the holes narrower at the bottom, and using the shoulder- 
borer. 

1795. — Hiunboldt proposed making the holes wider at the bottom (of a conical shape). 

1796 — Seiffert's wooden blasting plugs introduced at Freiberg by ordinance. 

1796. — The manufacture of a fulminating powder commenced, consisting of carbon, sul- 
phur, and chlorate of potash, suggested by Berthollet (soon discontinued on account of an 
explosion). 

1802. — Schroll recommended leaving a hollow space below the powder. 

1802 — Schroll introduced plugSj which afterward were known by the name of Salzburg 
plugs. 

1803. — A machine said to work "quicker than a miner," made by Gainschnigg, at 
Salzburg. 

1811. — Spangenberg, a mine boss, at Suhl, used wooden tamping rods, also wooden nee- 
dles and soft clay for tamping. 
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1816. — ^Vamhagen mixed powder with sawdust and foreign substances, to produce 
greater effect. 

1822. — SeeuUas proposed using, in subaqueous blasting, instead of powder, an explosive 
which would ignite on coining in contact with water. 

1823 — Harris succeeded in firing a blast by the electric spark. (Franklin is said to 
have previously tried this.) 

1823 — Sir William Congreve invented his time-fuse. 

1828. — Kussian army officers said to have been the first who fired mines by electricity. 

1829. — Keedles used in the district of Ehrenfriedersdorf made of a composition of lead 
and tin (1 : 4). 

1829 — Moses Shaw, of New York, fiked several charges of gunpowder simultane- 
ously, by passing an electric spark through a priming composed of the fulminate of silver. 
He took out a patent for the process June 3d, 1830. (See " Journal of the Franklin Institute," 
vol. vi., p. 218, Oct., 1830 ; and p. 40 of this work.) 

1831. — Bickford invented his safety-fuse. 

1832. — ^Braconnet discovered that by dissolving starch in nitric acid, and adding water, a 
white explosive substance was precipitated, to which the name xyloidine was given. 

1834. — Oberlieutenant Peschel proposed ignition by means of percussion. 

1836. — Piobert made experiments to render gunpowder safer by enveloping the grains in 
some inert finely divided material. Same idea was tried by Fad6iff, 184l-'44 ; by Ry ley (wlio 
used sand), 1855; and by Gale (powdered glass), 1855. ("Chemical News," London, No. 
344; "Engineering," vol. i., 65 ; "Mechanics' Magazine," July, 1865.) 

1836. — An order issued at Freiberg directing care to be used in charging and tamping. 

1836. — Piobert published his experiments as to the rapidity of combustion of powder. 

1838. — Dr. E. Davy first discovered a " sensitive " powder (fulminate of copper). 

1838.— Prideaux used oxyhydrogen gas for deeoening bore-holes, and with it burnt a 
hole at a rate of ^ of an inch per minute. 

1838. — Pelouze showed the action of nitric acid on ligneous fibre. 

1839. — Pasley used iron cones for tamping in. England. Also, in this year, Pasley 
exploded gunpowder under water by the electric current. (" Mechanics' Magazine," London, 
1839, vol. XXX., p. 480.) 

1839. — Whalebone needles introduced into the Freiberg mines. 

1839. — Triger tried firing shots in compressed air (three atmospheres). 

1840. — Bore-holes made with I'otary drills at Lankowitz. 

1841. — Von Wiirth invented his new method of tamping. 

1842.-^ Captain Kurtz, of Clausthal, introduced a new firing arrangement (wooden ram- 
mers and needles, with the upper part of iron). 

1843. — Charges of some 18,000 pounds of powder fired at Dover by electricity. 

1843. — Thomson enclosed the electric battery in an air-tight chest with chloride of lime 
to avoid moisture. 

1843. — Schmiedhuber tried how electric firing could be applied to small charges with 
economy. 

1844. — Caligny published his idea of applying the hydraulic ram to compressing air. 

1844. — Brunton proposed using compressed air for working drill-hammers ; the air after 
use to improve ventilation. 

1844. — Combes mentions the use of a rotary borer in rock. 

1844. — Bickfoi-d's fuse tested at Freiberg. 

1844. — Hollow needles used at Freiberg to avoid compressing the air. 
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1844. — Courberaise enlarged the bore-hole in limestone by the use of muriatic acid (mak- 
ing a bottle-shaped cavity). 

1846. — Cast-steel drills tested at Freiberg. 

1846. — Schoenbein exhibited a sample of gun-cotton at the British Association, Septem- 
ber 1st. 

1846. — ^Lewis Thompson discovered nitro-sugar, and published a description of it Decem- 
ber 8th. 

1847. — Sobrero discovered nitro-glycerine, 

1849. — J. J. Couch, of Philadelphia, patented, Makch 29th, the first percussion 

ROCK-DRILL EVER MADE. In IT THE DRILL WAS NOT FASTENED TO THE PISTON-HEAD, BUT THROWN, 
LIKE A LANCE, AT EACH STROKE; AND, IN THIS YEAR, A CAVEAT WAS ALSO FILED BY FoWLE FOR 

III8 DIRECT-ACTION DRILL, Subsequently patented (see year 18.51 below). 

1849. — Mauss perfected his plan for a rock-cutting machine, to be used at Mont Cenis. 
(His first proposal was in 1845, and the plan was finally abandoned in 1850.) 

1861. — J. W. FowLE, OF Philadelphia, patented, March 11th, the first direct-action 

PERCUSSION ROCK-DRILL INVENTED ; HE FILED CAVEAT AT THE PaTENT OfFICE IN 1849 (sCC aboVC). 

1851. — Cave, at Paris, invented and patented (October 15th) his percussion power-drill. 

1863. — Krammer used rotary drills (in the construction of the Karst Eailroad) for boring 
limestone. 

1853. — Piatti proposed using compressed air in the construction of the Mont Cenis 
Tunnel. 

1864. — First trials made with Bartlett's rock-drill. 

1864. — Gurlt published his theory of blasting. 

1864. — Sommeiller, Grandis, and Grattoni's experiments with compressed air were made 
for the Mont Cenis Tunnel. 

1864. — In 1854r-'55, Schumann invented his percussion power-drill at Freiberg. It was 
introduced into the Rothschonberg Tunnel in 1857. 

1865. — Colladon, of Geneva, proposed the plan of compressing air finally adopted at Mont 
Cenis. 

1856. — From 1856 to 1861, Herman Haupt, during his contract at Hoosac Tunnel, experi- 
mented with power-drills of the hollow-piston or Couch type. In these experiments, he was 
assisted by Stuart Gwynn. It is claimed that Gwynn's first drawings for a drill were made 
in 1851, and a model in 1852. 

1857. — Schumann applied his boring-machine in the Freiberg mines. 

1857. — Sommeiller invented the rock-drill for Mont Cenis. 

1857. — Lieutenant-Colonel Baron von Ebner introduced into use a frictional electric- 
machine for blasting. 

1867. — Major Hodman's experiments with explosives were made. 

1857. — Trials made with Schwarzkopf s rock-drill, 

1867. — The official commmission decides in favor of the application of Sommeil* 
ler's rock-drill for use at the Mont Cenis Tunnel. 

1861. — On the first of the year, Sommeiller's perfected drill commenced to work 
IN THE Mont Cenis Tunnel. 

1861. — P. v. Eittinger recommended a cylindrical rotary boring-machine. 

1861. — Hansen's rock-drill patented. (This drill was tried in the Hoosac central shaft in 
1865.) 

1861. — Lisbet applied his boring-machine in soft rock (coal, soft limestone, etc.) 

1862. — Use of gun-cotton revived in England. 

1862. — Bomhardt's air-tight electric firing-machine successfully tested. 
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1862. — Captain Edward R2iha invented an odorless fuse. 

1863. ^NOBEL FIRST APPLIED NITHO-GLYCERINE AS A BLASTING AGENT. 

1863. — Low's rock-drill invented. 

1863 — Sacli's rock-drill invented. 

1866. — ^Hanpt's rock-drill patente*!. 

1866. — Costelay and Dessignoles discovered an economical method of manufactming 
picric acid. 

1866. — Gun-cotton tried at Hoosac Tunnel by Thomas Doane, Chief Engineer. 

1866. — Nobel's American patent for nitro-glycerine, applied as a blasting agent, taken out. 

1866. — ^Newmeyer's powder invented. 

1866. — Lithofracteur first manufactured by Engels (later Krebs & Co.), near Cologne. 

1866. — Nitro-glycerine tried with great success at Hoosac Tunnel by Tal. P. Shafl&ier, 
under the direction of Thomas Doane, Chief Engineer. 

1866. — Tal. P. Shaffner took out a patent for mixing " nitroleum " (nitro-glycerine) with 
sand in a bore-hole. 

1866. — (June.) — Brooks, Gates & Biu'leigh machine tried and pronounced a failure at 
the Hoosac Tunnel. 

1866. — (November.) — The Burleigh drill tried and proved to be a success at tlie Hoosac 

Tunnel. 

1866. — (June.) — The Kobinson and Wood drill tried successfully at Ann Arbor (see p. 166 
of this work). 

1867. — Glyxoline invented by Abel, of England. 

1867. — Nobel invented dynamite. 

1867. — (November.) — The Robinson & Wood drill patented. 

1868. — During the winter of 1867-68, W. P. Granger upset a sleigh full of frozen nitro- 
glycerine in crossing Hoosac Mountain,and unintentionally demonstrated that it was not readily 
exploded by shock when frozen. 

1868. — Dynamite patented in America by Nobel. 

1868. — Dubois-Fran9ois rock-drill invented. 

1869. — Julius Smith applied Baron von Ebner's frictional electric-machine in America. 

1870. — Dualin invented by Carl Dittmar, a Prussian officer. 

1871. — Ingersoll rock-drill patented. 

1872. — ^MacKean rock-drill patented. 

1873. — Wood rock-drill patented. 

1873. — Judson's giant-powder (dynamite) No. 2 patented. 

1873. — Beach patented rend-rock powder. 

1873. — Ferroux rock-drill invented. 

1873. — Darlington rock-drill invented. 

1874. — Mowbray's mica-powder patented. 

1876. — Judson powder (XX) patented. 

1876. — Hell-Gate blown up by General Newton. 

1882.— Nobel's gum dynamite generally accepted in Europe as preferable to No. 1 
dynamite. 



CHAPTER III. 

MoDEBN Explosive Compounds.* 

Hatino now reviewed the general history of explosive compounds, it remains to 
espedallj notice those in general use at the present day, and in this connection it is only 
proposed to give a very general summary, for a tunnelman is chiefly interested as to the 
chemistry of explosives, in considering what effect the gases set free by combustion may have 
on ventilation. 

The practical efficacy of the different compounds in blasting, and the results obtained by 
their use in various localities, will be considered under the head of " Blasting." Andre has 
defined an explosive compound to be " a mixture of substances capable of being suddenly 
transformed into gases by the application of heat." Hill defines an explosive reaction to be 
" a chemical action causing the sudden or extremely rapid formation of a very great volume 
of highly expanded gas." 

Hence an explosion is a sudden evolution of gases ; and as these gases occupy a much 
larger volume than the original substances from which they were evolved, pressure will be 
produced upon the body in which they are retained. It is obvious that the degree of 
preasnre which represents the strength of the explosive will vary as the volume of the 
gases evolved, and thus we have a means of measuring and comparing the strength of the 
▼ariouB compounds, and the volume of the gas, again, will depend upon the pressure exerted 
and upon the temperature. The effect of an explosive, however, does not depend wholly 
upon the volume of gases ; an equally important consideration is that of the time required 
for the change to take place. This latter consideration can be most strikingly exemplified by 
the fact that the same explosive will give vastly different effects, according to the manner in 
whidi it may be fired — /. e.j whether the evolution of gases takes place gradually from one 
grain or molecule of the substance to another, as in firing by a fuse, or practically simultane- 
ooaly from all the grains or molecules through detonation.f Further, the temperature to 
which the gases evolved are raised, is an important consideration in discussing either an explo- 
sion proper or a detonation. 

Gunpowder. 

Gnnpowder is a mixture of saltpetre, sulphur, and charcoal. 

A good powder must possess the following properties : 

Its grains must he firm, hard, angular, and of equal size. 

The powder must be dry, free from dust, absorb but little moisture from the air, and 
slioold not show a mixture of variously colored particles. Powder also when ignited on 
writing-paper should flash without burning the paper. 

According to tlie kind of charcoal used (whether " black" or " red "), powder may have 
A bine or deep black or again a faintly brownish color. 

* The author is indebted to Mr. E. P. North, M. Am. Soc. C. E., for a careful review and criticism of this 
dhtf^er, both in the original MSS. and in the proof-sheets ; also to Prof. B. W. Frazier for a criticism of the proof- 
riMseli, and for Tarioos corrections and notes relating particularly to the chemical constitution of explosive ecm- 
poMods ; aUo to Dr. Robert Grimshaw for valuable assistance in the collection of data. 

fSeep. 1N$. 
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The following analyses of various powders are cited by IKiha.* 

TABLE 4. 





CONSTITUENTS. IN 100 PAKT8. 


BRAND. 


Saltpetre. 


• 

Charcoal. 


Sulphur. 


Austrian Blasting Powder 


60 194 

62-00 

6211 

60.70 

68-84 

70-00 

78-60 

7500 

80-00 


21-859 

18-00 

21-28 

16-70 

1583 

12-00 

18-00 

18 00 

1200 


18-447 


French Round Grain Blasting Powder 


20-00 


Harz Blasting Powder 


16-41 


Russian Blasting Powder 


16-60 


Westplialiau Blasting Powder 


15-88 


Italian Military Blasting Powder 


1800 


Freiberg Double Powder 


18*40 


Austrian Musket Powder 


12-00 


Russian Sporting Powder 


800 







Also the following by Schoen : f 



TABLE 5. 



Saltpetre 

Salphur 

Carbon 

Hydrogen 

Oxvgen\ 

Ashes 

Hygroscopic Water 



ACCORDINO TO 
LKNK. 



WCLrtemberg. 



ACCORDING TO KXROLYI. 



Austrian. 



I 

Musket Powder. Cannon Powder. 



74-70 

X2-45 

9 05 

0-41 

2-78 
.... 
0-60 



99-99 



73-78 

12-80 

10-88 

0-88 

1-82 

0-81 



9^-97 



Musket Powder. 



77-15 
8-63 

11-78 
0-42 
178 
0-28 



100-05 



Seven aiialyses:^ of different kinds of blasting powder used for mining purposes gave 
the following average : 

Saltpetre 63- 33 

Sulphur 15-89 

Charcoal 19-39 

Hygroscopic Water 1-36 

99. «7 
American blasting powder is of several kinds and of various gi*ades, according to the work 
it is intended to perform, >^hether tunneling, boulder, or railroad work, or for nse in mining 
anthracite or bituminous coal. 

That used in rock work, tunnels, or iron mines is usually composed of saltpetre 72, char- 
coal 17, sulphur 11 per cent. For coal mining the proportions are usually about nitre 70, 
charcoal 18, and sulphur 12. • - 

It is said that in the manufacture of gunpowder, the difficulty of obtaining a uniform 
product results from the varying nature of the constituents used. The quality of the charcoal 

» " Lehrbuch der Gesamm. Tun.," i., p. 86. f "1^' Tunnelbau," p. 61. % Ibid., p. 62. 
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especiully is very apt to vary in different batches. A series of valuable experiments on the 
nianufacturo of gunpowder without water were made by a Kussian commission in 1871. (See, 
for a full description, Van Nostrand's Magazine, vol. 18, p. 437.) 

Ignition and Explosion of Powder. 

Powder may be ignited by impact, but with great diflSculty. Ignition is most readily 
effected by a blow of iron upon iron, and in successive order of iron upon brass; brass upon 
iron; lead upon wood ; and least readily from a blow of copper upon copper; copper upon 

bronze or wood. 

According to Violettc, granulated powder is exploded by rapid heating to a tempera- 
ture of from 518° to 608° F. (270° to 320° C.) ; powder-dust, sooner. By slower heating, 
the sulphur ignites first, at a temperature of 842° F. (450° C.) 

Powder is well ignited only by, 

(a) Application of any substance heated to redness. Flame alone will not so readily 
ignite powder. Where safety-fuse is used, the powder-train in it is generally ignited from 
the burning of the linen or cotton envelope. 

(&) Tinder. 

(c) A burning brand. 

{d) Thin steel or platinum wire heated red-hot by the galvanic current. 

{e) Exploders of fulminating powder fired by the electric spark passing through some 
sensitive powder placed adjoining it in a cap. These are the exploders for gunpowder de- 
scribed* on p. 111. 

Again, according to experiments made by Munks, Bianchi, and Heeren, in a partial 
vacuum, powder did not explode when touched by glowing bodies, or on passing the electric 
spark, etc. ; raised to a red heat in vacuo, it burned slowly ; again, in a chamber filled with 
nitrogen, it exploded as in the open air. 

Different experiments, made with the view of determining the amount and proportion of 
the evolved gases on the combustion of gunpowder, have given widely different results. 
Thus 1 cubic centimetre (0-06 cub. inch) of gunpowder gave from 232 up to 450 cubic cen- 
timetres of gas, the average being 318 cubic centimetres (19-4 cub. in.), at a temperature of 
0° C. (32° F.), and a barometrical pressure of 760 mm. (29 • 92, say 30 inches). 

Gay-Lofisac, as well as Chevreul, found that after the explosion the evolved gases- con- 
sisted chiefly of nitrogen and carbonic acid, combined with some carbonic oxide and a little 
carburetted hydrogen. 

After the most careful investigations, the following products of combustion were 

obtained by KArolyi from burning ])owder, under circumstances similar to when it is fired in 

a cannon. 

TABLE 6. 



FROIC ONE ORAMMB OF 



Residue in gframmes 

Oases in grammes 

( Grammes 

Total •< Cubic centimetres of gas 
( Cubic inches of gas 



CANNON FOWDKR. 


HUSKET POWDER. 


0G02 

0-307 


0-651 

0348 


0-909 
206-9 
13-6 


0-999 
226-6 
13-8 



* Sbaw, of New York, in 1830, was tlie first to explode charges simultaneously by means of electricity. An 
interesting note by Prof. M. S. Gfttzschmann, on the adoption of electric firing in the Freiberg mines, will be 
found in Dingler's *' Polytechnisches Journal/' vol. cxzviii. (1853), p. 454. See also an article on the same subject 
by Prof. Garl Kuhn, of Munich, in the same Journal, vol, cxlv. (1857), pp. 186 r< seq. Also anto p. 40. 
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(As to the proportion of residue left from the combustion of gunpowder, see p. 76). 

Now, as we liave said before, to a tuunel engineer, the chemical constituents of the 
residue left, or the original combinations of sulphur, oxygen, carbon with potash, etc., in the 
powder itself, are of little moment; but the chemical constituents of the mixture of gases 
resulting from combustion are of decided interest. These, according to Kdrolyi, are as 
follows: TABLE 7. 



IN PEB CENTS OP VOLUME. 



Nitrogen 8758 8588 

Carbon ic Acid 43-74 48-90 

Carbonic Oxide 1019 618 

Hydrogen 5-93 6-90 

Sulphuretted Hydrogen 0-86 0-67 

Fire-damp 2-70 8-03 

Tims of the gases affecting ventilation, we have chiefly carbonic acid, nitrogen, and 
carbonic oxide. 

These analyses are, of course, merely general, for both the residne and gases evolved 
will diflfer according to the mixture of ingredients in the manufacture of different brands of 
powder. 

Now, the working strength of gunpowder may be estimated by the following consider- 
ations : 

According to Bunsen, the temperature of the ignited gases of powder amounts, in the 
open air to 5419° F. (2993° C), in a closed chamber to 6044° F. (3340° C), say 3300° C, 
as we are considering the gases when in a closed chamber or bore-hole. Bunsen decided that 
>the pressure or tension evolved on explosion amounted to more than 4300 atmcispheres and 
to a theoretical effect of 67,410 metre-kilogrammes (487,576 foot-pounds). According to 
others, the pressure may increase to 10,000 atmospheres ; and Rumf ord even obtained, under 
certain circumstances, 29,178 to 54,740 atmospheres. Rodman's measurements of pressure gave 
results differing greatly from each other according to the charges. In a cannon, the greatest 
pressure observed by him amounted to 6700 atmospheres; in a bombshell of which the 
exterior diameter was 31-4 c. (12-36 inches) and tlie interior diameter 10-4 c. (4-09 inches), 
which, therefore, had a thickness of shell of 10-5 c. (4-13 inches), it amounted to over 12,300 
atmospheres. 

The following table is quoted by E2iha* from Gatzschmann, as giving results obtained 
by different experimenters: 

In AtmoBplieres. 
Robin 1,000 

Hutton 1,700 to 2,800 

Meyer 3,809 " 4,000 

Brianjon 4,000 

Prechtl 4,400 

Karmarsch and Heeren 5,000 

Gurlt 3,930 « 8,640 

Piobert 7,500 

Bernouilli 10,000 

Rumford 29,178 " 54,740 

• Lehrbuch der Gesammtcn Tunnelbaukunst, p. 87. 
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For blasting, we may perhaps assnme 4300 atmospheres and a theoretical effect of 42,000 
metre-kilogrammes (303,786 foot-pounds), which result also agrees very well with the 
ingenious theoretical computation of the effect of powder in blasting, made by Stadler. (See 
'^Oesterr. Ingenieur-Vereins Zeitschrift," 1866; Schoen, "Der Tunnelbau," 1874, p. 64.) 

Now, again, the working strength of gunpowder may be said further to be determined 

by, 

(1) The ratio existing between the volume of the residue and the volume of the evolved 
gases. 

(2) The heat evolved at combustion and the specific heat of gases evolved ; for upon 
these depends again the expansion of gas during the explosion, therefore their cooling by 
the surrounding rock is also of some influence. 

(3) The air enclosed between the grains of powder, and the effect of its moisture on the 
heat evolved by combustion. 

{a) As inducing imperfect combustion. ()6) As affecting the expansion of the hot 
gases. 

(4) The expansion of the solid residue after combustion. 

(5) The rapidity of ignition of the powder. This may be modified,* 

(a) By varying the size and form of the grains or individual mass. (/?) By varying 
the density or ^compactness of the powder, (y) By variations in the finish or 
nature of the surface of the grains or mass. 

(6) The question whether the quality of the powder has not suffered during storage, 
(a) In consequence of a long interval having elapsed between manufacture and 

use, which interval, it is said, acts in an increasing ratio, {fi) In consequence 
of comminution producing a diminution of the grains in size, and an increase 
of powder-dust, (y) In consequence of spontaneous decomposition. 

Some of these considerations will also apply to other explosives in use ; we will now 
briefly touch on the chief ones. 

Other Explosive Compounds. 

HAL0XYLiNE,t accordiug to Ccrnj', is composed of charcoal, saltpetre, ferroeyanide of 
potassium, and some cyanide of potassium. It is produced in grains like common powder. 
Haloxyline ignited in the open air burns slowly with a violet flame and grayish white smoke, 
without exploding. It is not ignited by pressure, friction, or impact of even powerful blows 
of iron upon iron. Ignition is only effected by spark or flame, and heating above 480° F. 
(250° C). Therefore, as compared with common powder, haloxyline would seem to offer 
greater safety in handling. Haloxyline, rammed firmly in a bore-hole, is said to exert a 
blasting force amounting to twice that of an equal weight of common powder. When com- 
plete ignition is effected, there is little residue; should the rock be blackened, it is proof of 
imperfect explosion. No smoke results from combustion, and the gaseous products are 
neither unpleasant nor injurious. In blasting with haloxyline, the rock is slowly lifted and 
rent, the explosion is not violent. As the fragments are not scattered, as with a quicker 

• " Paper on Modem History of Gunpowder," from the Journal of the Society of Arts, vol. 21, p. 203. 
t Schoen, ** Der Tunnelbau," p. 64. 
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explosive, it is very suitable for blasting at places where attention is to be paid to surrounding 
objects, buildings, etc. The report is dnllj and not so loud as that with equal amounts of 
common powder. It has been observed particularly, that even during continued blasting in a 
confined space, the inhaling of the gases evolved did not prove disagreeable or injurious to 
the workmen. After firing, the men may go directly to the working face, without waiting, as 
is often necessary with other explosives, for the atmosphere to clear a little. (The above facts 
concerning haloxyline are given wholly on the authority of Schoen. It has not been used 
largely in this country, but it seems to have attained considerable favor in Austria. Haloxy- 
line has been described at some length, as it is well spoken of in Schoon's work.)' There have 
been in the last twenty years numberless compounds tried ; in fact, there can be as many 
explosives manufactured as there can be proportions devised in which explosive substances 
can be mixed. Among them are mixtures of the chlomte of potassa with resin or with 
powdered nutgalls (Horseley's powder ; this has subsequently been used with 25 per cent 
nitro-glycerine), and with many other substances. A patent was actually taken out for a 
'* compound for blasting pui'poses of 40 per cent charcoal and 60 per cent nitrate of soda." 
Even the old and well-known mixtures of chlorate of potash with the ferro- and ferri-cyanides 
of potassium and sugar, which for piany years have been described in the chemical text-books 
as white gunpowder and German gunpowder, have been heralded as new blasting compounds. 
Reveley's white gunpowder was composed of 

Chlorate of Potash .* 48 parts. 

Yellow Prussiate of Potash 29 " 

Finest Loaf-sugar 23 " 

100 parts. 

The practical objection to these mixtui-es, that they are too dangerous to handle, being 
of a detonating character, is met by their advocates with the answer tliat they need not be 
mixed until required for use. Now, this would require the ordinary miner to be both chemist 
and blaster at once. This is analogous to Capt. Ryley's proposition * to render gunpowder 
safe by enveloping the grains in bone-dust, which was proposed by him about 1855; also 
Gale's t (1865) more recent proposition to mix it with ground glass for storage and transport, 
and then sift it when required for use. It is hardly necessnry to enlarge on the great difficulty, 
of having to prepare an explosive mixture just when it is required for use. Besides, the great 
danger incurred in the use of explosives is in the very charging of the mine or hole, and here 
it is that the large proportion of accidents occur. 

One of the latest forms in which this principle has been revived is in a new explosive 
compound called '^Rackarock,'^ sold by the Eendrock Powder Company of New York. 
This explosive is formed by the union of two substances, one solid and the other fluid, it 
being claimed that either substance is absolutely inexplosive until combined with the other. 
The comminuted solid is made up into porous cloth cartridges. When it is desired to use 
these, they are placed in a sieve and immereed in a vessel containing the vitalizing liquid, 
until they show in a spring balance to which the sieve is suspended that they have absorbed 
the requisite weight of fluid. The proportion of oil absorbed is shown by tables furnished by 

• "Engineering," vol. i., p. 65 (1866). Note is here made of Capt. Ryley's experiments, and of a proposal (1848) 
to render gan powder non-explosive by mixing it with sand. 

t '' Mechanics* Magazine," London, July, 1865, and '< Journal of Royal United Service Institution," WhitehaU 
Yard, London, May, 1866, p. 165. (See also '< Chemical News," No. 844, London.) 
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the makers. It is claimed by the makers that the fluid used contains no nitro-glycerine in any 
shape, but beyond tliis we have no information as to the nature of the ingredients employed. 
The cartridges can, it is said, be used either in wet or dry holes, and are fired by an exploder 
as with dynamite. 

The author saw two large blasts made with Backarock at a limestone quarry, by Mr. 
Sand, in the presence of a number of members of the American Institute of Mining Engineers, 
during the session of the Institute in October, 1881; these blasts were considered as giving 
very favorable results. No absolute conclusions, however, could be drawn in the limited 
time and number of blasts possible under the circumstances ; nor were any underground 
trials made to test whether or not the gases of combustion would prove noxious in a confined 
space. 

Reynolds' Explosive : — Prof. Emerson Reynolds claims to have discovered a new and 
valuable explosive compound composed of a mixture of 75 per cent of chlorate of potash with 
25 per cent of a substance he terms " sulphurea," which, it is said, can be prepared in large 
quantities from one of the waste products in gas manufacture. The new explosive is described 
as being white in color, and easily prepared. It ignites at a rather lower temperature than 
gmipowde*; leaving only 45 per cent of solid residue. 

Again, Capt. Schultze, a Prussian artillery officer, prepared an explosive he called gun- 
sawdust by digesting sawdust in a mixture of sulphuric and nitric acid. This gives a feebly 
explosive material, which is further strengthened by impregnation with nitrates, by which it 
acquires great explosive power, its properties being somewhat similar to gun-cotton. Subse- 
quently, Capt. Schultze tried mixing this gun-sawdust with 17 to 20 per cent nitroglycerine. 
(This explosive must not be confounded with Dittmar^s dualin, in which sawdust acts as an 
absorbent for nitro-glycerine. See p. 87.) As, however, in Schultze's gun-sawdust, to be 
within the limits of safety, the nitrates must not be added until the powder is required for use, 
and even tlien refined manipulation is required, this explosive did not come into general use. 
In this connection we may note xyloidine, prepared by azotizing starch; nitro-mannite, from 
azotizing sugar of manna, and nitro-cane-sugar, made by azotizing cane-sugar, etc. In fact, a 
very large number of these compounds can be prepared, and have been, by different experi- 
menters. They, however, have no practical utility, so far, as explosive agents. Neumeteb's 
Powder* is said to be composed of the same ingredients as ordinary gunpowder, but mixed 
in different proportions. It was introduced in 1866 into England, but did not come into gen- 
eral use. Another mixture of the ordinary components of gunpowder, recently brought into 
use by Curtis & Harvey, in England, is well spoken of by Andr^,t as being so rapid of igni- 
tion as to be capable of detonation (see p. 97). 

Hochstadtee's Gun-papeb (repatented in England bylleichen in 1866) is made by soak- 
ing unsized paper in a thin paste of chlorate of potash, charcoal, and sulphide of antimony. 

Gun-Cotton. 

Gun-cotton, or pyroxyline, discovered by Schonbein in 1846, is a so-called nitro-com- 
pound, prepared by exposing dry cotton for a sufficiently long time to the action of a mixture 
of the strongest nitric acid with sulphuric acid, and then by thoroughly washing the gun- 
cotton thus prepared, to remove the excess of acid. The reaction consists in the substitution 
of nitrogen and oxygen in feeble combination for part of the hydrogen in the cotton or cellu- 
lose, and is therefore similar to the one by which nitro-glycerine is produced. 

• Paper on Explosives, by Perry Nuraey, before Society of Engineers, London, 1869. 
f Andre on Coal Mining, pp. 194 and 207. 
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Tlio formula Q^HisOiaSNOs was given by Peloiizo. Abel fonnd for Lenk's gun-cotton 
CiaH7(N04)80io ; theforraula given in Hill ^^ On Explosives," for gun-cotton, is C5H7(N02)305 
or C5E7NSOU* ; this is the trinitro-cellulose. Gun-cotton is insoluble in and nnatfeeted by 
water. Gun-cotton, in a measure, is an explosive both of the first and of the second order 
(see p. 97). Its best effect, however, is given when detonated by an exploder. 

Imperfectly converted or badly washed gun-cotton is liable to spontaneous decomposition, 
which may result in explosions if the conditions are favorable. The pulped and compressed 
form is free from such danger, for since it can bo tired wet, there is no need of ever drying it, 
so that it may be kept and used saturated with water. For firing it wet, a primer is needed, 
made of a cake of the dry, with a fulminating fuse attached. This primer must be enclosed 
in a water-proof bag or box. It is said thatt wet compressed gun-cotton is in reality one of 
the safest of explosives, for it is not liable to be fired by a spark or a fiame, nor affected by 
blows, friction, or otlier rough handling. Gun-cotton for a long time after its discovery was 
not put to practical use, as various attempts to apply it were checked by accidents which 
seemingly could only be referred to spontaneous decomposition. The trouble lay in the 
imperfect purification in manufacture. By Abel's niethod, however, a very perfect washing 
is obtained, and, in addition, the material is prepared in a form convenient for use, it being 
first reduced to fine pulp and then compressed into convenient shapes.^ 

On being exploded, gun-cotton burns to water and gas without leaving appreciable 
residue, dust, smoke, or blackening. The gases are inflammable, burning with a bluish 
flame. 

As to the gases evolved by combustion, it is said that from one gramme (0«035 oz. avoir.) 
of gun-cotton there are evolved at combustion in vacuo, in round numbers, 588 cub. ctms. 
(35. 87 cub. inches) of gas measured, according to TIecker and Schmidt, at a temperature of 
32° F, (0° C.) and a barometrical height of 760 mm. (29-922 inches). KArolyi found at a 
temperature of 32° F. (0°'C.) and a barometrical height of one metre (3.281 ft.) (hence under 
high pressure), 574 cub. ctms. (35«014 cub. inches) of gas. 

Blondeau obtained from one gramme (0-035 oz. avoir.) of gun-cotton saturated with 
ammonia, 955 cub. ctms. (58*25 cub. inches) of gas, and other statements go as far up as 1200 
cub. ctms. (73-2 cub. inches). 

The temperature of combustion of the gases amounts, in round numbers, to 8132° F. 
(4500° C). 

The chemical constituents of gun-cotton differ greatly according to its preparation, and vary 
with respect to 

Carbon, between 24-59 per cent and 26-40 per cent. 
Hydrogen, " 2-43 « " " 4-10 " « 

Nitrogen, " 9-30 " " " 14 34 " " 

Oxygen, " 58-14 " " '* 60-90 " " 

Ash residue is from 0-63 to 1*14 per cent. Water, on an average, 2 per cent; maximum, 
8 per cent. 

The fumes from gun-cotton differ from those from nitro-glycerine, as gun-cotton lacks 
24*24 parts of oxygen in 100. Hence we have as the result of explosion (BL^rolyi) : 

* (Abel's and Hill's formulie are the same, except that Abel uses the oldy and Hill the new, system of atomic 
weights.) 

t Hill, Explosives, p. 46. 

X See paper by Abel, published in Van Nostrand's Magazine, vol. 18, p. 40, from '*The English Mechanic 
and World of Science," describing the advantages of using wet gun-cotton. 
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TABLE 8 * 



• 


IN VACUO. 


UNDER HIGH PRESSURE. 


Carbonic Oxide 


28.55 

19.11 

11.17 

8.83 

8.56 

21.93 

• • • • 

1.85 


28.95 


Carbonic Acid 


20.82 


Fire-damp 


7.24 


Nitrous Oxide 




Nitrogen 


12.67 


Aqueous Vapors 


25.34 


Hydroiren , 


8.16 


Carbon in excess 


1.82 








100.00 


100.00 



Assuming 4500° C. (8132 F.) as the temperature of gases of combustion of gun-cotton, 
the theoretical maximum pressure in atmospheres 15,300, and the theoretical maximum 
power in kilogrammetres equals 200,000. (Trauzl.) In soft rock, gun-cotton is said to 
exhibit twice, in hard rock five to six times the blasting eflEect of gunpowder.t Hill gives 
its explosive force as varying from four to six times that of gunpowder.J 

For the system of manufacture of gun-cotton at the United States Torpedo Station at 
Newport, R. I., see Hill on Explosives, p. 42, where a description of Abel's process is given. 
Also for an outline of Lenk's process, see the " London Chemical News," No. 234, Abel on 
the "Chemical History and Application of Gun-cotton/' 



* Sarrau and Yielle made researches with a view to fixing the use of gnn-ootton in mines. (See paper from 
English Mechanic, Van Nostrancf's EcL Mag., xxiiL, p. 249.) In their first communication to the French Academy, 
they studied the products formed and the heat given off, by the explosion in a closed vessel, 

1. Of pure gun-cotton. 

2. Of a mixture of equal parts of gun-cotton and nitrate of potash. 

8. Of a mixture of 40 parts of gun-cotton to 60 parts of nitrate of ammonia. 
4 Of nitro-gljcerine 91 parts, and 5 of ordinary blasting powder. 

TABLE L 



DmOKATION or SUBSTANCE. 



Fine Oan-cotton 

Gan-cotton and Niti-ate of Potash . . . 
Gnn-eotton and Nitrate of Ammonia 

Nitro-glycerine 

Ordinaiy Blasting Powder 



CO 


CO, 


H 


N 


O 


C,H4 


HS 

• 


S84 


884 


166 


107 


t * • 


• • ■ • 


« ■ • • 


2M 


171 


166 . 


100 


45 


• ■ ■ ■ 


« • ■ • 


S84 


184 


166 


211 


6 


• ■ • • 


• » • • 


2:14 


205 


166 


147 


26 


• ■ • • 


• • • • 


64 


150 


4 


66 


• • ■ • 


4 


17 



TOTAL VOL. LIT. 



741 

825 
401 
467 
d04 



Table I. shows in litres the volume of each of the gases per kilogramme of the substance under such conditions. 
In a second note, the same authors present the results obtained in decomposition of the same explosives imder a 
tension near atmospheric pressure. These show the influences which the* exterior conditions of reaction exert on 
the nature of the products. They give information as to the nature of the gases which may be expended in mines 
in the case of failure of detonation. In some cases the explosive, simply inflamed by the priming, fuses slowly 
under weak pressures. 

TABLE n. 



DSSIOHATION OF SUBSTAKCB. 


NO, 


CO 


COj 


H 


N 


C,H4 


TOTAL VOL. LIT. 


Pnra Oan-cotton 


180 

71 

122 

218 


287 
58 
65 

162 


104 
67 

lOB 
68 


46 
8 

12 
7 


88 

7 

112 

6 


7 

■ • • • 
• • • • 

6 


565 


Gnn-cotton and Nitrate of Potash 


196 


Oan-cotton and Nitrate of Ammonia 

Nitro-glycerlne 


414 
452 







Table II. gives the volume in litres of each of the gases per kilogramme of the explosive. It will be seen that 
this mode of decomposition liberated binoxide of nitrogen and carbonic oxide. 

t Schoen, "Der Tunnelbau," p. 67. % Hill on Explosives, p. 4B. 
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As to the general properties of gnn-cotton, it is said that gun-cotton has been rejected as 
an explosive in Austria after twelve years' testing, because of its instability. Abel claims 
that tliis resulted from impurities in manufacture. Compressed gun-cotton htis the disadvan- 
tage, as compared with dynamite, that it is not plastic, does not go well into rocky and uneven 
bore-holes, and cannot be compressed into place. Volume for volume, the compressed gun- 
cotton cartridges weigh less than dynamite, hence larger bore-holes are required. The 
cartridges being rigid and stiff, there are air spaces around them which not only by dilution 
lessen the power of explosion, but also decrease the tension of the gases set free. Gun-cotton 
has the advantage over nitro-glycerine that it does not freeze, and hence requires no thawing 
out, but a comparison of its general qualities as a blasting agent with those of nitro-glycerine 
and its dynamite compounds, is in favor of the latter. 

English manufacturers have added oxidizing salts, such as the nitrates of ammonia, 
potash, soda, baryta, strontia, etc., to render the gases resulting from the explosion of gun- 
cotton less obnoxious. The nitrates of ammonia and soda, and, to a certain extent, of strontia, 
are deliquescent, and all the nitrates except that of baryta are very soluble, and interfere 
with the manufacture, besides giving bad odors in underground work. It is claimed that the 
mixture of gun-cotton with salts is not as sensitive to concussion as dynamite, hence that an 
exploder of extra strength is required. 

TONITE. 

Tonite consists of finely divided or macerated gun-cotton compounded with about the 
same weight of nitrate of baryta. This compound is then compressed into candle-shaped 
cartridges, formed with a recess at one end for the reception of a detonator composed of the 
fulminate of mercury. The cartridges are generally made water-proof, and the density of 
the compound is such that it takes up about the same space as dynamite, and about two-thirds 
the space of gun-cotton. It is claimed that tonite is an exceedingly safe compound to handle 
and transport, and that for the same weight, tonite is about thii*ty per cent stronger than 
gun-cotton. It has been much used in England, and is coming into use in the United States. 
(See, for fuller descriptions of " Tonite," article from " The Engineer," published in Van 
Nostrand's Magazine, vol. 19, 321. Also see vol. 18, p. 561. Also, for a set of tests show- 
ing very favorable results for this explosive, see the " Mining and Scientific. Press," San 
Francisco, Aug. 27, 1881.) 

NrrBO-GLYCEEINE. 

Nitro-glycerine (or Glonoine), discovered in 1847 by Sobrero, is the most important of 
all explosive compounds at the present day. Sobrero did not make any pmctical application 
of it, and it was not until 1863 that Alfred Nobel brought it into general use as a blasting 
agent. His first patent for it in America is dated October 24th, 1865. The interest in hia 
American patents was assigned to the United States Blasting Oil Company, represented by 
Tal. P. Shaffner. These patents for nitro-glycerine applied as a blasting agent are now (1882) 
held by the Giant Powder Companies. Among the first men in America to encourage the 
introduction of nitro-glycerine was Mr. Thos. Doanc, who, when acting as Chief-Engineer of 
the Hoosac Tunnel, in 1866, caused Shaffner to make a number of trials there with the (then) 
new blasting agent. These trials were eminently successful, and ultimately led to the per- 
manent adoption of nitro-glycerine in place of black powder in the tunnel, a factory being ' 
established for its manufacture at Korth Adams, Mass., by Geo. M. Mowbray, who also is 
noted as one of the first to experiment with nitro-glycerine in enlarging the bore-holes of oil- 
wells, near Titusville, Pa. 
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Among published documents on the subject, the earliest full account of the use of nitro- 
glycerine in blasting in America is given by Mr. E. P. North, in a paper read before the 
American Society of Civil Engineers, March 4rth, 1868, on his experience in " Blasting with 
Nitro-Glycerine on the New Canaan Railroad." 

Nitro-glycerine is a light yellow, clear, oily liquid, odorless, has a pleasant, sweet taste, is 
poisonous when inhaled, swallowed, or introduced into the body through the pores, producing 
headache and sickness. Its specific gravity is 1 • 595 to 1*6; it freezes when clear and trans- 
parent, according to Hill,* at 39° to 46° F. (about 10° C.) ; Trauzl f gives the freezing-point of 
ordinary commercial nitro-glycerine as 8° to 10° C. (46° to 50° F.) ; Mowbray % gives 45° F. 
(about 7° C.) for his own product. About 8° C, or 46° F., can be taken as a safe figure. 

Nitro-glycerine is dissolved with difiSculty in water, readily in ether, pyroligneous spirit, 
or alcohol, the solution being non-explosive. Pure nitro-glycerine is not sensitive to friction 
or moderate percussion. If placed upon an anvil and struck with a hammer, only the particle 
receiving the blow explodes, scattering the remainder. 

Experiments § have shown that pure nitro-glycerine, confined in vessels of tin, glass, and 
wood, did not explode when dropped from a height of 85 feet (26 metres) upon rock. 

On the other hand, it should be borne in mind that this can only be affirmed positively 
as to pure and well-washed nitro-glycerine, in which there is no tendency to decomposition. 
There is a case on record of the explosion of a can of nitro-glycerine at Yonkers, N. Y., 
which resulted from its being struck with a stone thrown by a boy. Further, though, in the 
experiments noted by Schoen, nitro-glycerine did not explode when dropped from a height, it 
was, in the experiments referred to, enclosed in vessels of tin, glass, and wood. It now seems 
to be well established that nitro-glycerine enclosed in metallic vessels, especially in those of 
iron, is liable to explode when the vessel is struck by a sharp blow. 

Hill, II however, on the question of its storage and transportation, advises keeping nitro- 
glycerine in large earthen jars, with a layer of water over it. If it is to be transported, he 
advises freezing it, and carrying it in the frozen state, when it is far safer. ^ That nitro- 
glycerine, when frozen, is diflicult to explode, was probably first practically (though involun- 
tarily) demonstrated by W. P. Granger, in the winter of 1867-'68. (Experiments have since 
unquestionably shown, however, that if the exploder used be sufficiently strong, even frozen 
nitro-glycerine can be exploded. See p. 72.) Mr. Granger was at the time acting as su- 
perintending engineer of Hoosac Tunnel, and Mi\ Mowbray was just beginning the manu- 
facture of nitro-glycerine for the tunnel. It was then the general impression that nitro- 
glycerine was most dangerous when frozen. 

Mr. Granger received from Mr. Mowbray ten cartridges to take in his sleigh over the 
mountain to try their effect at the east end, and they were carefully packed before starting in 
a box with sawdust, after being warmed to 90° F. (32° C). In driving over the mountain, the 
sleigh was upset and the cartridges spilled out of the box into the snow. By the time Mr. 
Granger got his mishap rectified and the cartridges gathered up, he found, to his dismaj^ they 
were frozen ; however, risking the result, he replaced them frozen in the box, and drove on 
in safety. Arrived at the east end, it was found, on applying a charge of the frozen nitro- 
glycerine, that it would not explode, ahd could not be made to without first thawing it out ; 
and this circumstance first pointedly illustrated the fact, afterward abundantly confirmed by 
experience, that nitro-glycerine, when fully congealed, is difficult to explode. For trans- 
portation, it should be put in strong tin cans holding about 45 or 50 pounds. Each can 
should be paraffined on the inside, and have passing vertically through the centre a tin 

♦ On Explosives, p. 81. \ '*Die Dynamit, ibre Eigenschaften und QebraucUsweise/' p. 12 (1876). 

t On Trinitro-glycerine, p. 82. § Scboen, " Der Tunnelbau, ' p. 68. | On Explosives, p. 33. 

% See also, on the transportation of nitro-glycerine, Mowbray on Trinitro-glycerine, p. 70. 
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lube, so that freezing or thawing may be more easily accomplished. All vessels in which 
nitm-glycerine has been kept should be destroyed when not wanted for the same 'use, as 
the nitro-glVcerino is not easily washed oJBf. 

rWith regard to the storage, etc., of nitro-glycerine, see p. &4.) 

Pure nitro-glycerine does not spontaneously decompose * at any ordinary temperature, 
but if it contains free acid, decomposition is apt to occur. Ko instance has yet been noticed 
of the spontaneous decomposition of properly made and purified nitro'glf^cerine. 

With increase of heat at 212° F. (100° C), decomposition does not occur, but at 320° F. 
(160° C.) red vapors are evolved, and at 356° F. (180° C), its firing point, sudden decompo- 
sition, accompanied by vehement explosion, ensues. 

(The firing-point is maintained by some to be 3G0° F. rather than 356°.) 

Nitro-glycerine is composed of carbon, hydrogen, nitrogen, and oxygen. Its formula 
is (Hill), C,H,N.O, or C,H,(NO.)3G3— this is trinitrin; monitrin, C.H,(NO,)0„ and 
dinitrin, C,H/NO,),0„ occur when thorough conversion into trinitrin is not effected 
in manufacture, but the nitro-glycerine in ordinary use and of which dynamite is 
made is the trinitrin. The explosive force of nitro-glycerine undoubtedly results from 
the sudden production of watery vapor, carbonic acid, and nitrogen gas at a very 
high temperature, by a union of the oxygen present in the nitric acid, with the 
hydrogen and carbon of the glycerine ; in other words, the oxygen of the nitric acid 
plays the part in nitro-glycerine which the oxygen of the nitric acid in nitre plays 
in ordinary gunpowder. Now, in trinitro-glycerine or trinitrin, there is a slight ex- 
cess of oxygen pi*esent, while in dinitro-glycerine there is a considerable deficiency, by reason 
of which, what we may call the combustion of the carbon and hydrogen would be incomplete 
in the latter case ; the combustion would be imperfect, and the force developed therefore less, 
just as it would be in gunpowder which contained too small a proportion of nitre. 

The gases evolved, when complete explosion is effected, are, according to 8choen,t carbonic 
acid, nitrogen, oxygen, and water. The gases are given by Mowbray,:]: according to an 
analysis of M. L. Hole, as, 

Carbonic Acid 45-72 

Binoxide of Nitrogen 20-86 

Nitrogen 33-92 



100-00 



Trauzl § gives the gases as ** chiefly carbonic acid and nitrogen," mixed in such propor- 
tions as not to be dangerous on inhalation. But when incomplete combustion takes place, car- 
bonic oxide and oxides of nitrogen are formed, which are injurious, and it is owing to the 
fact that careless or ignorant firing is apt to be attended with incomplete detonation of the 
nitro-glycerine, that gave rise to the early misconception that the gases evolved were danger- 
ous. This error has, however, been corrected by increased familiarity with the glycerine 
compounds. The explosion of 1 gramme (0-035 oz.) of nitro-glycerine at the temperature 
of 32° F. (0° C.) and barometrical pressure of 760 mm. (29-922 inches) gives 2000 cub. ctm. 
of gases which exercise a theoretical pressure of 26,000 atmospheres, corresponding to a 
theoretical effect of 400,000 kilogrammetres, or 2,893,000 foot-pounds. The temperature, on 
explosion of the gases, is placed at 9392° F. (5200° C.) (Trauzl.) 

* Hill on Explosives, p. 31. \ Sclioen, " Dcr TimDelbau," p. 69. % On Trinitro-glycerine, p. 64. 

§ "Explosive Nit ril verb! odungen insbesondere D^namit und Schtesswolle.** 
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It IB not within the province of this work to describe in detail the process of manufac- 
turing tiitro-glycerine. There are various patent processes: references to Nobel's and others 
will be found in Table 13, at end of this chapter. A patent for an " improved methpd of manu- 
facturing trinitro-glycerine was also taken out by George M. Mowbray in 1868, the essential 
characteristic of which was, that the acids and nitro glycerine Avere stirred and mixed by a 
current of air blown up through the mixture for the purpose of cooling the same, and to 
convert any hyponitrous acid in the mixture into nitric acid. Those desiring to study the 
manufacture of nitro-glycerine will find the process described in Hill, " On Explosive Com- 
pounds," and in G. M. Mowbray's work on " Trinitro-Glycerine." 

The Detonation of Nitro-Glycebine. 

Nitro-glycerine is, in fact, empliatically a detonating, not an igniting, compound. 
In other words, it is an explosive of the first order. As explained (p. 96), its full effect 
can only be completely brought forth by the shock caused in exploding some other 
explosive compound in sufficiently close proximity to it, so that the concussion effected by 
the latter shall induce a sympathetic explosion, or rather detonation, in the nitro-glycerine 
itself. This effect can be reached, but only partially, by tlie use of ordinary gunpowder. 
Strong fulminating caps arc the best, and these are now manufactured expressly for the 
purpose (p. 91), and they are fired by either nn ordinary fuse or by electricity, their detona- 
tion causing that of the body of nitro-glycerinc in Avhich they are enclosed. 

After the first discovery of nitro-glycerine in 1847 by Sobrero, some fifteen years were 
suffered to elapse before it was practically attempted to apply it in blasting. During the 
Crimean war, attempts were made by Profs. Sinin and Jacobi to apply nitro-glycerine in 
torpedoes, but without avail, owing to the want of some proper means of exploding it. 
Alfred Nobel's father and brother were engaged in these experiments, and he himself, then 
but a youth, took his first lessons on the subject. From the close of the Crimean war, up to 
1862, no further like efforts were heard of. In J862, however, Alfred Nobel, then an 
engineer at Stockholm, commenced experimenting anew. Up to that time, it had not been 
demonstrated that nitroglycerine could be exploded otherwise than by firing or igniting it in 
some form — that is to say, exploded in mass ; for it was known that if spread on an anvil and 
struck, the portion struck would explode. Also at this time, the explosion of fulminates, 
especially in gun-caps, was known, but with a gun the application of a fulminate was to 
induce and transmit ignition^ not sJiocJc. The earlier nitro-glycerine primers were made to be 
rubbed like a match ; no one thought of using a cap to explode a tiling that would hardly 
even burn. Toudi nitro-glycerine witli a match or a red-hot iron, and it ceases to burn when 
the match or iron is withdrawn. This, however, must be taken as a very general assertion. 
The accidental explosion at Bergen Cut, N. J., Newark R. E., is said to have been caused 
by the application of red-hot iron io frozen nitro-glycerine. 

Now, Nobel knew that if nitroglycerine were heated up to a certain point, it would 
explode. The difficulty was to thus heat it in a blast-hole ; it occurred to him that gun- 
powder might be applied. He accordingly mixed nitro-glycerine with gunpowder, and 
applied fire ; the mixture burned like gunpowder, but more slowly, and yet more rapidly 
than nitro-glycerine alone. Still, the nitro-glycerine was not exploded — L t'., detonated — it 
was simply burned. On trying the mixture in bore-holes, the effect is thus described by 
Nobel in his earliest papers on tile in the Patent Office* (Patent No. 50,617, granted October 
24th, 1865) : " By mixing it with gunpowder, gun-cotton, or any other substance developing a 
rapid heat, nitro-glycerine, being an oil, fills the pores of gunpowder, and is heated by tiie 
latter to the degree of its explosion. Gunpowder treated in this way, can take up from 10 

» United States. 
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to 60 per cent of nitro-glycerine, and develops a greater power with a lesser quickness of 
explosion." 

In experimenting with this mixture, it was observed that occasionally the effect was 
remarkable; the disruptive force seemed to be many times greater than usual. The 
hardest and toughest rock was broken into fine fragments, down to and beyond the bottom 
of the bore-hole ; now, this effect was different in kind and extent from any thing ever 
witnessed before. The circumstances attending these exceptional blasts being noted, it was 
soon found they occuiTcd in hard rock with strong tamping. Nobel then made trials 
accordingly, and found at length that he could produce such blasts at will ; it was only 
necessary to make the confinement sufficiently tight and strong. Here is the origin of 
the heat and pressure necessary. The next step was to try liquid nitro-glycerine, and see if 
it also could be exploded in this way. This, Nobel succeeded in doing, and thus describes it 
in tlie application for his American patent : " Simply by a fuse. This will do in a closed 
space and under sufficient resistance, but if the gases of decomposed nitroglycerine are 
enabled to escape before they accumulate to such a pressure as to effect the necessary impulse 
of explosion^ the nitro-glycerine is slowly decomposed, and the fire generally goes out before 
the whole is consumed." This method, however, was so tmcertain that it was never used 
in practice. 

We thus see that Nobel now had his idea of an " impulse of eaplosio7i,^^ This he soon 
followed with the next step — i. e., putting his main charge of gunpowder mixture in a tube 
and surrounding it with gunpowder — setting fire to the gunpowder, and b}" its explosion, 
exploding the main charge. This seems to be the first instance of using a typical " exploder." 
The process Nobel used was as follows : he first filled a zinc tube with gunpowder, then 
poured in all the nitro-glycerine it would hold, and corked it. This cartridge he put into 
the bore-hole, cork downward, and then filled the space about it with gunpowder, inserted 
the fuse into the gunpowder, and tamped a3 usual, except that the blows on the tamp next 
to the charge were very light. The fire of the fuse exploded the gunpowder, and this explo- 
sion was sufficient to cause the detonation of the nitro-glycerine mixture in the cartridge. 
Although this arrangement gave a result very inferior to that of the process subsequently 
perfected, still it was considered a great improvement on common blasting powder, and went 
into actual use at once, and continued in use, it is said, in certain localities in Europe, after 
the better mode was known. There will be found a report on the early use of nitro- 
glycerine, by B. Turly, Mining Engineer, in Diaglei'^s " Polytechnisches Journal," vol. clxxi, 
1864, p. 443, CVIII. In this report, Mr. Turly speaks of the above application of the zinc 
cartridge, etc. 

About this time, Nobel further found that he could explode liquid nitro-glycerine in this 
same way, as well as the mixture. An article in the '' Moniteur Scientifique du Docteur 
Quesneville, Journal Mensuel," Paris (3d series, vol. vi., March, 1876), says, p. 250 : " The first 
experiments made with a mixture of nitro-glycerine and of ordinary powder showed the 
great explosive force of this liquid, but the true era of nitro-glycerine dates only from 1864, 
the time when a charge of pure nitro-glycerine was made to explode by means of a very 
feeble charge of ordinary powder." 

Also in the memoranda to Nobel's original American patent occur these words : " There 
are many means of obtaining this impulse of explosion, such as by combining nitro- 
glycerine or analogous substances with gunpowder, gun-cotton, or similar substances; not as 
shown above {i. ^., in mixture\ but separately ; as, for instance, gunpo\vder in tubes and 
nitro-glycerino outside, or vice versa^'* etc., etc. (sec patent). 

Having now reached the fact that nitro-glycerine, either in the liquid form or in 
mixture with gunpowder or gun-cotton, could be detonated by an initial explosion, it 
only remained to reduce this exploder to its simplest and most effective form. This was 
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first done where gunpowder was still used for the exploder, by (in the words of the patent) 
" reducing the quantity of gunpowder or like acting substance to the proportion of a small 
burner, consisting of a tube of glass, paper, or other material, which is filled with gunpowder 
or similar substance introduced into the nitro-glycerine, and connected with a fuse, when 
its explosion gives to the nitro-glycerine the requisite impulse." 

This completed the invention, or rather practical application, of nitro-glycerine as a blast- 
ing agent. What remained to be done was simply to improve the methods of firing. Now, 
it may be asked how gunpowder, which is an igniting explosive compound^ can be thus 
applied in ejBfecting the detonation of a detonating compound. The rationale of the process 
is this: nitro-glycerine, when tired by an exploder composed simply of gunpowder, undoubt- 
edly detonates, but complete detonation is not in general eflfected. The explosion of the 
gunpowder heats by impact the nitro-glycerine immediately contiguous to it ; this portion of 
the nitro-glycerine is thus exploded or detonated, and its detonation is propagated through 
the mass of the nitro-glycerine charge. But experience showed that great heat and pressure? 
were requisite to eflfect a complete detonation, so that subsequently Nobel caused regular ful- 
minating caps, fitted to the purpose, to be made, and these have since been the only kind of 
explodera in general use. Even with these (see p. 92), care must be taken to have the 
charge of fulminate sufficiently strong that the shock of its detonation may instantaneously 
affect the whole mass of nitro-glycerine in the charge, otherwise there will l>c noxious gases 
developed from the residue. 

Wo have thus traced the invention of Nobel's method of detonating nitro-glycerine, up 
from the simple mixture of gunpowder burned, to the regular and complete detonation of 
pure nitro-glycerine by exploding within it a small cap or exploder. The steps seriatim 
were: 

(1) The mixture of gunpowder and nitroglycerine, used like common powder. 

(2) This mixture burned under strong confinement. 

(3) Liquid nitro-glycerine burned under strong confinement. 

(4) The mixture in cartridges surrounded by powder, and the powder exploded. 

(5) Liquid nitro-glycerine in cartridges surrounded by powder, and the powder exploded. 

(6) Liquid nitro-glycerine, or its mixtures, detonated. 

NrrEO-TOLUoL, so-called, is prepared similarly to nitro-glycerine, ordinary commercial 
benzole being substituted for the glycerine, and nitric acid for the nitro-sulphuric acid, in 
the manufacture of the latter. Three parts df this compound is then dissolved in seven parts 
of nitro-glycerine, and the compound is called ** nitro-toluol." 

TIIE NITRO-GLYCERINE COMPOUNDS. 
DvNAMrrK OR Giant Powder. 

Dynamite was first introduced into general use in Europe by Nobel, in 1867. The 
American patents were originally taken out by him in 1868, and are now held by the " Giant 
Powder Company" and the "Atlantic Giant Powder Company." It is hardly necessary to 
say that the " Giant Powder" used here is another name for dynamite. 

The earliest attempt at mixing nitro-glycerine with a foreign inert substance, that was 
made in the United States, was by T. P. Shaffncr, who in 1866 took out a patent for dis- 
tributing the force of ''nitroleum" in a drill-hole, by the admixture of sand, the nitroleum 
and sand being poured alternately into the hole. This mixture, however, lacked the essential 
qualities of a dynamite. Dynamite, broadly, is a mixture of nitro-glycerine with any dry, 
solid substance, whether mineral or vegetable, so pulverized or comminuted, and mixed in 
such proportions, that, on the one hand, the mixture contains sufficient nitro-glycerine to form 
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an efficient explosive compound, and, on the other hand, the proportion of absorbent used is 
sufficiently large to hold the nitro-glycerine against leakage or exudation. These proportions 
of nitro-glycerine and absorbent must, moreover, be so graduated that the mixture retains the 
pulverulent form. / 

The material preferred by Nobel as an absorbent was a kind of silicions earth known 
variously as silicious marl, tripoli, and rotten-stone. 

The peculiar variety of this material best suited for the use is homogeneous, has a low 
specific! gravity, and is composed of the remains of infusoria. 

So great is the absorbent capacity of this earth, that when in a pulverized condition, it 
is claimed by Nobel that it will take up about three times its own weight of liquid nitro- 
glycerine, and still retain the form of a powder. Infusorial earth has so far been found to 
excel all other substances tried as absorbents, in possessing the requirements necessary ; being 
composed of minute tubular shells, a mass of it is very spongy and compressible, its shells 
absorbing the nitro-glycerine by capillary attraction, and holding it with almost absolute 
security against filtration or compression. The secret of the safety of dynamite seems to be 
in its soft, pulpy, and at the same time mealy consistency, which gives it a complete cushion 
to prevent percussion. 

Deposits of this silicious earth, technically termed " Kieselguhr," are formed in many 
places, notably in Hanover, in Europe, and in New Jersej*, in this country. With regard to 
the composition of dynamite, it is commercially manufactured in the United States, in several 
grades, the leading ones being distinguished as No. 1 and No. 2. 

According to the American patent specifications, No. 1 is composed of a mixture of 
seventy-five parts, by weight, of nitro-glycerine, and twenty-five parts, by weight, of infuso- 
rial earth. 

(According to Hill,* the commercial dynamite No. 1 usually contains from 60 to 
75 per cent of nitro-glycerine.) By the patent specifications. No. 2 contained originally 
forty parts, by weight, of nitrate of soda, six of rosin, six of sulphur, and eight of infu- 
sorial earth ; these compose the absorbent or " dope," and to them, when properly pre- 
pared, were added forty parts of nitro-glycerine ; these proportions, however, have since been 
varied from ; also the nitrate of potash is found to be better than nitrate of soda, though more 
expensive. 

Captain Alexander Mackenzie, of the Corps of Engineers, in a paper read before the Es- 
sayons Club, in Febniary, 1874, describes the then process of manufacture at the works of 
the Atlantic Giant Powder Company, in Morris County, N. J. He says : 

" The kieselguhr is prepared for use by first mixing it with a little water and then baking 
it into bricks. The object of this is to dry the earth more effectually. Wh^n required for 
use, the bricks are ground between rollers, carefully weighed into wooden tubs, and carried 
to the nitro-glycerine house. The absorbent for No. 2 is prepared as follows : the sulphur is 
pulverized in a revolving cylinder, at one end of which a blast of air enters, and, passing 
through, carries the powdered sulphur into a tight box. The nitrate (either of soda or po- 
tassa) is first dried thoroughly on an iron floor, then ground in a mill and passed into a box. 
The rosin is pulverized in a cylinder. The sulphur, nitre, and rosin are then mixed in proper 
proportions and carefully weighed into wooden tubs The mixture of nitro- 
glycerine with these absorbents is made in wooden bowls lined with lead, .... 
and, after mixing, the powder is worked through ordinary sieves by hand." This gives the 
constituents of No. 2, as manufactured in 1874. The ingredients have since been mnch 
modified and the process is simpler. On p. 83 of this work will be found the composition 
of No. 2 dynamite as manufactured later. 

• On Explosives, p. 80. 
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The explosive properties of dynamite No. 1 are those of the nitro-glycerine contained in 
it, as the absorbent is an inert body. Dynamite is brownish in color, resembling moist brown 
sugar. Its freezing-point is that of nitro-glycerine, 46° F. (about 8° C), when it hardens to 
a whitish mass. If solidly frozen, it cannot be readily fired, but, if loose and pulverulent, \\ 
can be more easily exploded, although with diminished violence. Mr. E. P. North (M. Am. Soc. 
0. E.) has exploded a half cartridge of No. 1 when frozen, with two exploders, said to conjtain 
27 grains of fulminate. The cartridge was in ice and had been left out of doors all night 
in winter. Geo. M. Mowbray says that 25 grains of fulminate will explode nitro-glycerine 
under any circumstances of temperature. 

There is, in this connection, a point of some practical importance that should be noted by 
parties introducing dynamite on their works. When dynamite becomes thus frozen in winter, 
it is necessary for the blasters to thaw it out before using. Mr. North advises a dry house heated 
by steam, led through gas-pipe, for thawing it, the pipe being so arranged that the outlet can 
never be entirely closed. This is probably about the safest plan to adopt. (Seep. 94 as to store- 
houses.)* When frozen dynamite is placed in ovens or kettles, on hot boilers, or when it is 
set up before a fire, and thus in any manner exposed to strong radiated heat, it is liable to 
explode; this has been proved by many so-called "accidents" or "unaccountable explosions" 
that have taken place. It is not certain that in most cases of this kind the cartridges ex- 
plode with full force. To effect explosion, the heat has to be higher than the vaporization- 
point of the nitro-glycerine in the dynamite, because the latter is generally weakened before 
exploding. In many cases of this kind, the explosion has been of a very mild character, 
just sufiicient to throw a man down, or to do some slight mischief. But this is only the 
case when aU the cartridges placed for thawing are thus equally heated. If some are super- 
heated, and others adjoining, which have been meantime thawed out, are not superheated, 
then a slight explosion in the heated ones is communicated to the others not previously weak- 
ened, and serious results follow. 

*In storing dynamite, exudation must be guarded against ; for the same reason, it should 
not be made with too high a percentage of nitro-glycerine, especially when liable to l)e exposed 
to high tempemtures, which tend to render the nitro-glycerine more fluid, and consequently 
liable to exude from the absorbent. 

The firing-point of dynamite No. 1 is that of nitro-glycerine, about 356° F. (180° C.) (360° 
F. is said by some to oe more nearly correct). If ignited, it burns strongly, evolving fumes 
and leaving a residue of silica. When complete combustion is effected in exploding No. 1, 
the gases evolved, being, of course, the same as witli nitro-glycerine, are innocuous. Schoen f 
says on this point : " The inoflEensive nature of the gases of combustion has been demonstrated 
by experience in mining and tunneling, even in cases where the means of ventilation are very 
inferior.'' It will be remembered that, under the description of nitro-glycerine, the gases 
evolved on complete combustion were given as chiefly carbonic acid and nitrogen. (Trauzl.) 

The great advantage resulting from the use of No. 1 dynamite is that by it an immensely 
strong explosive is obtained, which is estimated to be about six times stmnger than black 
powder in effective force, and yet which is unquestionably a safer material to transport, han- 
dle, use, or store than black powder. It is not sensitive to friction or moderate percussion. 
Alone, it may be hammered, crushed, or burnt with impunity. If set on fire, even in large 
masses, it will simply burn to ash. 

To explode it, heat and strong percussion are needed. The explosion of gunpowder ad- 

• The Giant Powder Companj furnish portable f amaces for *,laawing out cartridges, in which the cartridges 
rest on shelves in a small jacketed chamber heated by water. Where these are not available, the cartridges may be 
thawed out in a bed of sand or hot ashes of about 100'' Fahr. ; or may be placed in a wooden box near the boilers in 
the boiler-house : in the latter case the cartridges should be turned from time to time. A practical and a reason- 
ably safe method of thawing cartridges, sometimes used by miners, is for a workman to place several in his boot-leg 
while drilling. The natural warmth of the body will generally thaw out the cartridge by the time the hole is down 

t *' Der Tunnelbau," p. 71. 
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joining will fire it, but not with certainty or with full effective force. It is therefore pre- 
pared for blasting by the insertion of a strong cap or exploder of f uhninating powder,* which 
may be fired either by fuse or by the electric current. In fine, with regard to No. 1 dynamite 
(and by this term a mixture of 75 per cent of nitroglycerine with 25 per cent of silicions 
earth is meant), it seems so far to be the general judgment in Europe and America that it is 
the best of the nitro-glycerine preparations, where great strength is required ; and that it 
practically is so much srfer than the liquid nitro-glycerine that it may be taken to be decid- 
edly preferable. 

Hill has suggested finely divided silic-a, obtained by precipitation from a solution of 
any of the alkaline silicates, as a substitute for silicious earth in the manufacture of dynamite, 
claiming that it has been used at the U. S. Torpedo Station at Newport, B. I., with good 
results. Mr. Hill says that the absorbent power of the precipitated silica is a little less than 
that of the natural earth, but that it retains the nitro-glycerine very well. 



GIANT POWDER NO. 2. 

Discussion of its Properties. 

With regard to dynamite No. 2, and the other nitro-glycerine mixtures in which some 
lower explosive compound is substituted for part of the nitro-glycerine, acting at the same 
time as an absorbent, Mowbray says : f "To couple nitro-glycerine with chemicals such as 
nitrate of potash, nitrate of soda, chlorate of potash, mixed with carbonaceous matter, which 
require an instant's time to develop into gases, would be like attempting to quicken the elec- 
tric current by coupling it to the velocity of a locomotive. . . . Under the usual con- 
ditions of blasting, the confinement of tamping with clay is insufficient to retain the ex- 
plosive force of the nitroglycerine until its tardy neighbors, resin, paraffine, saltpetre, chlo- 
rate of potash, nitrate of barytes, et id genua omnej have developed their force ; or to recall 
the simile of the electric cuiTcnt, the sounding-board fifty miles away is giving the signal be- 
fore the first puff of steam has reached the blast-pipe. Give four men a weight to lift which 
requires the united force of all of them to raise, the exertion of force by any one later than 
that of the others wastes the forces of all." 

Hill X says : " It is hard to see any advantage in these mixtures except that they are 
cheaper, and miglit be applied to uses where the great violence of the larger amount of nitro- 
glycerine is not needed, and yet a sharper explosive than black powder is wanted. It is im- 
probable that any useful effect is obtained from any other ingredient than the nitro-glycerine. 
Those containing deliquescent salts (nitrate of soda^ for example) are objectionable from their 
liability to exudation. All of them will be injured by water, which dissolves the salts, which 
are the principal ingredients. It is easy to see that the number of such mixtures that might 
be made is very great, for almost any dry salt or powder may be taken as an absorbent. No 
especial value would attach to any of them." And on page 60 : " The available force they 
possess is that of the nitro glycerine they contain, and it is evident that the less this is diluted 
with inert substances, the more effectively it can be applied. • . ." 

Trauzl, § after speaking of dynamite proper (known in America as No. 1), says : " The 
other nitro-glycerine preparations are as susceptible to water as gunpowder ; moreover, their 
explosive power is less than that of dynamite, inasmuch as they contain a less percentage of 
nitro-glycerine." 

* See p. 02. \0n Trinitro-Glyccrine, p. 85. {On Explosives, p. 88. g Explosive Nitrilverbindangen, etc. 
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On this same question, Andr6 says : * " Numerous attempts have been made to substitute 
combustible and explosive absorbent media for the incombustible silicious earth used in the 
preparation of dynamite. The purpose of this substitution is to increase the strength of the 
explosive by rendering the absorbent matters, which in dynamite arc wholly ineit, them- 
selves explosive, to insure perfect combustion when the charge is fired, and to prevent the 
formation of noxious gases. The first of these objects is unattainable in the direction in 
which it is usually sought. No two explosive substances generate their gases with the same 
degree of rapidity, and it is obvious that if any two be mixed as independent explosives, the 
resulting compound cannot exceed in strength that of the more rapid substance, since the 
tardy forces of the other can take no part in the work done." 

Thus we see it is argued that it is more than questionable whether the mixture of 
explosive salts with nitro-glycerine, as part of the absorbent, results in giving a compound of 
any greater effective strength than the same quantity of nitro-glycerine mixed with silicious 
earth would have. It is allowed that the salts certainly have explosive force, but the essen- 
tial characteristic of nitro-glycerine as an explosive being its " quickness," the advocates of 
this theory assume that its effect is practically expended before that of its associates is fairly 
begun, and if so that their. force is either spent through the spaces opened by the nitro- 
glycerine, or if the latter have failed of full effect, that the following force, so greatly infe- 
rior in strength, can do but little. 

But the natural query arises, if these salts used in tlie bases of the various lower 
dynamites do not add to the effective strength of the compound, why admix them ! One 
reason simply is, that an admixture of 40 per cent nitro-glyccrine or less with infusorial 
earth alone is absolutely non-explosive. The author has been informed by Dr. Henry 
Morton, President of Stevens Institute of Technology, that, according to experiments made 
b}' him, the percentage of even fifty nitro-glycerine with fifty kieselguhr was essentially non- 
explosive. Assuming, therefore, that 40 to 50 per cent of nitro-glycerine mixed witli sili- 
cious earth alone is non-explosive, and ifc being further assumed as an established fact that 
No. 2 dynamite has been manufactured in England with as low as 18 to 20 per cent, and 
in this country with a still lower percentage of nitro-glycerine, and found therewith to b3 
not only an explosive compound, but a very effective one, far superior in force to black 
powder, we are led to the inference that the admixture of salts in the dope of No. 2 
dynamite, and in the other nitro-glycerine compounds containing, on an average, about 50 par 
cent nitro-glycerine, does render such a nitro-glycerine compound explosive, or rather detona- 
ble, where it otherwise would not be, and that thereby their presence does serve to per- 
form a useful function ; the question that remains then simply is, do thess combined salts 
in the base act passively or actively when the explosion takes place ? — that is to say, do they 
by their presence in the base simply afford an absorbent for the liquid nitro-glycerine, 
which, by its nature, does not secrete the absorbed nitro-glycerine so closely as kieselguhr 
(or infusorial earth) alone does, or do they themselves participate in and augment th^ 
force developed when explosion is effected? Were the former object the only one sought by 
the admixture of salts in the base of No. 2, it would be open to question whether thi^ 
object could not be attained at less expense by the substitution of cheaper components than 
soda, nitre, or saltpetre, etc., yet having the same cai^ying (if we may so express it) charac- 
teristics. But this object is not the only one subserved by the admixture of nitro-glycerine 
with explosive salts as absorbents. 

We propose now to show, and it is submitted that the proof is based not on theory alone, 
but on facts, that not only do these salts in tlie base add appreciable strength to the explosive 

* On Goal-Mining, p. 108. On p. 200, however. Mr. Andre quotes Mr. Llnford'B opinion to the effect that the 
explosive dopo in Brain's blasting^ i^wder adds (effective strength. 
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force of a nitro-glycerine compound, but they, in fact, add great strengtli to it ; that the 
theory that their action is nil is erroneous, and founded simply on the plausible theoretical 
deductions and reasoning which we have above given ; furflier, that this theory that they do 
not add strength is not in accordance w^ith the facts nor based on fact. 

The foregoing opinions from other writers on this subject have been given, in order that 
both sides might be fairly presented. Now, further to understand this point, let us quote 
Mr. Andre's* opinion as to lithofracteur (for the constituents of lithofracteur, see p. 87). 
Of it he says, that in lithofiacteur, one of the cases seems to have been reached " in which the 
several ingredients are of such a nature and in such proportions that they are capable of 
acting toward each other in a manner that tends to promote rapid and perfect combustion ;" 
that it is among the few of tlie compounds that have been tried which, " based upon a true 
chemical knowledge, have in a more or less satisfactory degree attained the end proposed, 
and are likely to assume in the future an importance which is not yet accorded to them." 

Now, here it is tliat we have the key-note struck as to the true state of the case. Un- 
doubtedly, as Mr. Andre suggests, the strengtli of the base depends on a careful proportion 
being observed in the admixture of its constituents. As a general position, we are safe in 
assuming that any explosive base will add some strength to a nitro-glycerine compound, and 
the strongest one will bo the one compounded with the most intelligent regard to the chemi- 
cal phenomena involved. 

This " dictum " only, as it may perhaps be called (for we have already seen that Mr. 
Andre's general opinion is against the possibility of an explosive base developing effective 
strength), points to the true solution of the problem. 

Now, let us bear in mind that the question simply is, whether a mixture of nitro- 
glycerine (which is essentially a detonating explosive compound) with an igniting explosive 
compound, will develop greater effective strength than the sum of the forces developed 
by the same compounds fired separately. We will show that a resulting force far greater 
than the sum of these forces is developed. Suppose we simply take* nitro-glycerine and 
gunpowder — they are the leading types of the two classes. On this point. Prof. Charles 
F. Chandler, of Columbia College, New York, has said : f " Where gunpowder explodes in the 
ordinary manner, the explosion is slow and progressive, and produces a temperature much 
lower than that produced by nitro-glycerine, but when the gunpowder is exploded by nitro- 
glycerine its explosion becomes instantaneous, it becomes detonative, it occurs at a much 
higher temperature, produces a much larger volume of gas, and consequently develops a 
very much greater force than when exploded alone ; consequently, the force developed by 
the explosion of a mixture of gunpowder and nitro-glycerine is equal to the sum of the forces 
developed by the nitro-glycerine and by the gunpowder when detonated, which last force is 
very much greater than the force of the gunpowder when exploded alone." (The foregoing 
opinion was directly on the following point, viz.: "If a given quantity of gunpowder 
explodes with a certain force, and a given quantity of nitro-glycerine explodes with a certain 
force, if the same quantity of nitro-glycerine and powder be mixed togetlier and exploded by 
concussion, will the mixture explode with a force much greater than the sum of the 
force of the explosion of the two parts ?") Now, as to the difference between a detona- 
tion and an explosion", the point will be found fully discussed, p. 96 of this work. There 
it will be seen that the difference essentially is that a detonation may be assumed to 
be an instantaneous explosion, induced throughout the whole mass of an explosive com- 
pound, while an explosion proper (in the restricted sense of the word) is the result of ignition 

* Andre on Coal-Minin^r. 

f Testi/ying as expert in tbe case of *' Tlio Atlantic Qiant Powder Company f>8. Treat S. Beach, et ai," (1S75). 
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transmitted from grain to grain of the explosive. On the general question, Prof. Chandler 
says further : " The force exerted by an explosive agent when it explodes depends, 
first, upon the absolute quantity of gas produced, and, second, upon the increased quantity 
of gas due to the expansion or increased volume due to the high temperature. The 
expansion is in proportion to the temperature ; the temperature, however, varies with 
the manner of the explosion, while the absolute dumber of heat units developed by a 
chemical reaction, as an explosion, is fixed. The temperature depends entirely on the time 
during which the reaction takes place. A pound of wood produces just as much heat when 
it undergoes oxidation or decay in a forest as when it is burned rapidly in a fireplace, but 
years elapse before the slow decay is complete, and the most delicate thermometer would 
hardly detect any increase in temperature during the combustion. With the aid of the 
bellows, the combustion in the fireplace is completed in a few moments, and a white heat is pro- 
duced. Now, in the ordinary explosion of gunpowder, we have a comparatively slow combustion ; 
a large amount of the gunpowder escapes combustion or fails to undergo combustion, until it 
is too late for it to accomplish any practical result in moving a projectile or in shattei'ing 
rocks. Moreover, owing to the slowness of this combustion, a lower temperature is pro- 
duced, and consequently the volume of gas at the moment of explosion is much less than 
it would be did the explosion take place more rapidly and develop a higher tempera- 
ture. When gunpowder is mixed with nitro-glycerino and exploded, the combustion is 
mucli more rapid. It is called, by investigators of explosives, a detonation, to distinguish 
it from an ordinary explosion. Gunpowder undergoing detonation produces a much 
greater effect, therefore, than when exploded by itself in the ordinary manner ; first, be- 
cause it produces a much higher temperature ; second, because it is more completely 
burned." 

As to the amount of gunpowder iinconsumed when gunpowder alone is fired, the experi- 
ments of Bunsen and Schischkoff showed that the waste in gunpowder is about 68 per cent 
of its own weight, only 32 per cent being utilized — ^that is to say, while about one third of 
the weight of gunpowder appears after the explosion, in the form of gas, carbonic acid, car- 
bonic oxide, and nitrogen, about two thirds the weight appears in the form of solids, sulphate 
of potash, carbonate of potash, hyposulphite of potash, unchanged nitrate of potash, and 
sulphide of potassium — all of which compounds are solid at a red heat, but assume the form 
of gas at a considerably higher temperature. 

This supposed utilization (if it may be so called) of the ordinarily unconsumed propor- 
tion of gunpowder, that is effected when it is fired in conjunction or combination with nitro- 
glycerine, is of course only one theory to account for the fact that, in combination with 
nitro-glycerine, gunpowder does undoubtedly, in spite of all theories to the contrary, develop 
enormously greater strength than when fired alone. Prof. Chandler says : " This is not the 
only possible explanation of the fact. It is known that very high temperature destroys 
chemical compounds, dissociating their elements. It may be that the temperature which 
prevails when gunpowder is exploded by nitro-glycerine, is sufficient to separate the ele- 
ments contained in the potash salts combined with it, and thus greatly inci*ease their 
volume." 

Now, the above discussions give theories on either side of this question, but the tunnel- 
man, as a general rule, is not so much interested in theories as in facts. The qucjstion is. What 
IS the fact in this matter ? Do explosive dopes or absorbents when mixed with nitro-glycerine, 
add to its effective, disruptive strength, or do they not? To practically test the question, the 
author of this work requested permission of the Atlantic Giant Powder Company to make a 
Bet of trials at their works at Drakes ville, N. J. The permission was cordially acceded, and the 
trials were made in June, 1877. They were of three kinds, and will be described in order. 



DTNAMTTE NO. 3. 



77 



Tho first experiment was made with a block of iron having on its top surface a socket 
or half-hemispherical bore hollowed out, this Bocket having a diameter of four and a half 
inches. In this hollow an iron ball exactly fitted. "Wlien the ball was in place, of course 
half of it projected above the block. A channel cut in the block down the side of the hollow 
" allowed the introduction of a fuse below the ball, without, however, preventing the latter 
from resting solidly in place. At the bottom of the socket (if we may so term it) was a powder- 
chamber one inch and an eighth in diameter and about one quarter of an inch deep. In this 
chamber, 4 dwt.* of common black blasting powder was placed, the ball placed over it, and tho 
chargo ignited by a piece of common safety-fuse. Ilesult: on ignition of the charge, it 
did not throw the ball out of the socket, but raised it sufficiently to allow the gases to pnff out. 
Second, 12 grainsf (by weight) of nitro-glyeerine were exploded in the same manner under 
tho ball (except, of course, that in tliis case an exploder was attached to the end of the fuse, 
in order to explode the nitro-glyeerine), and the ball was thrown 25 feet vertically in the air. 
Third, 4 dwt. of tlie same blasting powder and 12 grains of nitro-glyeerine were together, 
by means of an exploder, tired under the ball ; the bail was thrown up 75 feet. Now, it will 
be observed that the amounts of powder and nitro-glyeerine used in the compound were tlie 
same as when they were used in separate charges. 

Next, a mortar such as is shown in 
section in Fig. 13 was used. This mortar 
was of cast-iron, its bore 4 inches in di- 
ameter, with a steel disc, 3 inches thick, 
shrunk into the bottom so as to leave 
the bore 6 inches deep. The shot exactly 
fitted the bore, was 7 inches long, and 
weighed 28i pounds. 

At the centre of the inner end of the 
shot was a hollow cavity for the charge. 
Above tlie powder cavity there was a 
recess into which the exploder fitted, so as 
leave the fulminate of the cap in the 
powder-chamber. From the cap, through 
the centre of the shot to Hie outer end, 
was a small hole for the electric wires. 
This mortar was strengthened by heavy 
wrought-iron bands, shrunk on it, and it 
was bolted at an angle of 45° to founda- 
tion timber placed in the ground. In 
charging the mortar, the wires of the m<»i»t n«d m No. » DjmamMe tb*. 

exploder were passed through the shot and the cap drawn to its place. Tho charge was then 
placed in its chamber, and held in place by a disc of thin ]>aper pasted over it, within a recess 
prepared for it as shown in the figure. The shot was then lowered to its place in the mortar, 
great care being taken to have tlie shot and the bottom of the bore in close contact. The 
lightest opening between them was found to seriously affect the result. (See p. 112.) The 
charge was fired by a friction battery, and the distances to which the shot was thrown care- 
folly noted from a series of distance- stakes along the line. 

In this mortar, trials were made with various nitro-glyeerine compounds as follows : 




1 1 gmiD = 00 
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(1) Charge = 5 dwt. No. 2 dynamite. Ball thrown 620 feet. 

(2) Charge = 48 grains nitro-gljcerine. (This being the amount of pure nitroglycerine 

contained in combination in 5 dwt. of No. 2 dynamite.) Ball thrown 358 feet 

(3) Charge = 5 dwt. rifle powder. (Hazard's American sporting powder, $1 per lb.) 

Ball thrown 248 feet. 

(4) Chaige = 5 dwt. XX dynamite. (This dynamite was composed of only 4 per cent of 

nitroglycerine with an explosive base.) Ball thrown 256 feet. 

The latter two experiments were simply to show that a dynamite holding a very small 
percentage only of nitro-glyceidne will, when mixed with an explosive base, give a blasting 
powder exceeding the best rifle powder in strength. It is, however, with the main experi- 
ments 1 and 2 that we are here concerned. As to tests of this nature made in a mortar, it 
has been objected that they do not give accurate results, on the general ground that explosive 
compounds when fired develop, according to their nature, either mainly projectile or disrup- 
tive eflTects. Thus, in order that a ball of a given weight should be set in motion by a given 
total for^, that force must be applied during a definite interval of time ; if the same total 
force is applied during a less time, it cannot produce the same velocity, but will be -expended, 
as is all arrested motion or force, in heating the substances by which the motion is arrested. 
Thus, when a rapidly exploding material is fired in a mortar of the above description, a 
large part of its force is consumed in heating the shot and mortar in the same manner that 
a bar of iron is heated when violently struck with a hammer. On the other hand, an explo- 
sive which developed the same total force, but burned a little more slowly, would expend 
relatively all its force in giving motion to the ball, as during the passage of the ball from 
its seat, to the mouth of the mortar or cannon, it would be impelled by a constantly accelerating 
force induced by the more complete combustion of tlie explosive. Again, an explosive develop- 
ing the same or even greater total force, but exploding quicker, would produce less projectile 
velocity in the ball ; while, again, this very suddenness, which is unfavorable to the maximum 
projectile effect, would be favorable to bursting or fracturing results, since the resisting forces 
which are there to be overcome also involve the element of time. In other words, this reason- 
ing, on general grounds, would tend to indicate that the mortar test is a proper measure of 
ballistic force, but not so accurate a gauge of disruptive f&rce in explosive compounds not 
similarly constituted. But the application of this reasoning is seen best in gunnery proper, 
where the distance traversed by the ball from breach to muzzle is of moment. With a mortar 
such as is above described, where the diameter of the bore is four sevenths of the length of the 
bore, the chaige of explosive is so small relatively to the bore of the mortar, and the reten- 
tion of the gases so slight (comparatively speaking), that the tost may be taken as an approxi- 
mate indication at least. Moreover, in the lirst set of tests with the half-hemispherical socket 
and ball, the same comparative result, it will be remembered, was reached with no bore what- 
ever. There, as soon as the ball was raised from its seat the smallest fraction of an inch, the 
gases had a vent. 

In order, however, to test the question from a wholly different stand-point, a third appa- 
ratus was tried, which we will term a pressure-gauge. It consisted, as shown in Fig. 14, of a 
vertical steel pin C. 6f inches long, 1^ inches in diameter, enlarged at the top to 4 inches. This 
pin weighed 8i lbs., and it slid vertically in an iron block E, which block was bolted by G 6 to 
an iron foundation F, weighing some 1200 lbs. The pin rested upon a small truncated cone 
D of lead, which itself rested upon the foundation. Great care was taken to have the lead 
cones homogeneous in purity, and of exactly tlie same dimensions. The machine was 
operated by charging the same ball or shot that was used in the mortar experiments. It was 
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then placed, A, upon the steel pin, and fired in the manner already above deBcribed In the 
mortar experiments, through the wires B B. The comparative strength of the difierent com- 
pounds tested was measured by the compression of the lead effected at each shot. 

Kepcated trials with this pressure-gauge showed conclusively that not only the compres- 
sion of the lead was far greater when an explosive base was used in conjunction with nitro- 
glycerine, than the sum of the compressions effected by the same amounts of nitro-glycerine 
and base when fired alone, but so much greater that there could be no question of the prin- 
ciple established. ♦ 

These tests, in June, 1877, were conducted by the author alone. In order, however, to 
substantiate the results obtained, he arranged to repeat them in September, 1877, in tlie 
presence of Prof. B.W. Frazier, Professor of Mining and Metallurgy at the Lehigh University, 
Mr. Frank L. Clerc, Chemist to the Lehigh Zinc Works, and Mr. Frank P. Howe, Mining 
Engineer. These gentlemen were so kind as to give their assistance as experts, and the 
second set of experiments were made under the auspices of the Lehigh University, the univer- 
sity apparatus, scales, etc., being kindly tendered. 

This time, the ball and socket and the mortar tests were omitted, the pressure-gauge 
being alone used. It was arranged precisely as above described. 

The tests in detail were as follows ; f the measurements being in inches and decimals of an 
inch(l inch = 2*54:Ctm.), and the weights in grammes and decimals of a gramme (1 gramme 
= • 0352758 ounce avoirdupois). 

The small truncated cones of lead averaged in diameter at top, 0«815"; at bottom, 
0-797''; mean diameter = 0« 806". The height of the cone was in each case carefully 
measured before and after compression by a micrometer screw measuring to thousandths 
of an inch. 

Each separate test was repeated a sufficient number of times to eliminate errors of acci- 
dent ; the average results only are herewith given : 

I. The first trial was to test the strength of the exploder or cap used in all subsequent 
experiments with nitro-glycerine or its compounds. 
Charge— one exploder. 



tf 



Mean height of lead before firing 0«929 

" " " after " 0-754" 



Compression 0*175 



// 



11. The second trial was to test whether in ordinary No. 1 dynamite (or giant powder), 
composed of 75 per cent nitro-glycerine and 25 per cent infusorial earth, there was any 
appreciable loss of power by the absoi-ption of the nitro-glycerine in the infusorial earth. 

(A) Charge, 1-5 grammes No. 1 dynamite. 

Mean height of lead before firing 0»932" 

« « « after « 0-194:" 

Compression 0-738" 

Next, the amount of pure nitro-glycerine contained in 1-5 grammes No. 1 dynamite was 
taken. 

* Mr. T. Shaw, of Philadelphia, makes differential mercory column gauges registering ezplosiye force up to 
40,000 lbs. per square inch. These gauges are used for black powder ; ordinary blasting giving 22,000 lbs., and 
sporting grades 40,000 lbs. See also reference to apparatus used by General Henry L. Abbot, Engineering and 
Mining Journal, New York, June 17, 1883, vol. 33, p. 312. 

t It will be observed that in the experiments in June, Troy weights were used. In September, the metric 
weights from the University were adopted. 
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(iS) Charge 76 per cent of 1'5 grammes = 1-125 grammes. 

Mean height of lead before firing 0«933" 

" " '< after " O-ISO" 

0.753'' 
Therefore, 

(C) Compression exerted by No. 1 dynamite 0-738'' 

nitro-glycerine alone 0-753" 



a <( 



In favor of nitro glycerine alone 0-015" 

This difference is very small ; still it would appear suflScient to indicate, if not 2^ jprdctical 
still a positive and appreciable diminution of the effective power of the nitro-glycerine by the 
absorbent. Practically, about 75 has been found, by long practice, to be the highest percentage 
of nitro-glycerine that can be held by kieselguhr without exudation, and it may be assumed, 
for all practical purposes, that the full effect of the nitro-glycerine is attained. 

III. The third trial was with the same percentage (75) of nitro-glycerine as in 11., but 
with an explosive base or dope substituted for the 25 per cent of kieselgulu*. 
Charge, 1 * 5 grammes. 

Nitro-glycerine 75 per cent 

Nitrate of potash (saltpetre) 20 " 

Sawdust 5 " 

The nitrate of potash was finely divided, and had been carefully dried. The sawdust 
was of pine, and it also had been dried. 

Mean height of lead before firing 0-932" 

" « " after " 0-162" 

Mean compression •. . . . 0* 770" 

We therefore Tiave from 

IL (A) Mean compression 0-738" 

m. '' " 0-770" 



In favor of in 0-032" 

Where one is dealing with explosive compounds^ we must remember that their manu. 
facture is simply a question of synthetic chemistry, and that given certain explosive reagents, 
that mixture of them will develop the greatest effective force in which the several constitu- 
ents are combined in such proportions as to leave no excess of one reagent over another* 
Eepeated trials seem to have established as to the explosive dope, that where sawdust and 
saltpetre are used, the best proportions are 1 of sawdust to from 3 to 4 of saltpetre. In the 
tests made in June, the autlior used 1 sawdust to 3 saltpetre; in September (the tests we are 
now describing), 1 sawdust to 4 saltpetre was used, and the results obtained were very close 
to each other. Theoretically, the proportion 1 to 3 seems the more correct, for, assuming the 
ideal reaction to be . 

48(KNO.) + 5(C..H„0,,) = 24(K,CO.)+36CO,+50H.O+48N, 
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we see that a theoretically perfect mixture (if the above reaction be correct) would call for 
4848 parts saltpetre to 1620 parts sawduBt, giving a proportion of 3 to 1. 

IV. (A) Charge 1 • 5 grammes : 

Nitro-glycerine 40 per cent. 

Nitrate of Potash 48 " 

Sawdust 12 " 

Mean height of lead before firing 0-930' 

« « « after « 0-227'' 

Mean compression • 703*' 

Next, the amount of pure nitro-glycerine contained in 1 • 5 grammes of the above mixture 
IV. (A) wa3 taken. 

(B) Charge 40 per cent of 1 • 6 grammes = 0-6 gramme. 



ff 



Mean height of lead before firing 0-930 

" " " after " 0-329' 

Mean compression • 601* 

We therefore have from 

IV. (A) Mean compression • 703^ 

IV. (B) " " o-6or 

In favor of IV. (A) 0-102' 

It was thus evident that great effective strength was added by the admixture of the dope. 
Moreover, this compression of • 102' is, in fact, much greater than it relatively appears to be, 
for we must remember that the compression effected is not in direct proportion to the force 
exerted — that is to say, if a cone of lead were struck and compressed by a certain force, and 
then a similar cone were struck with a force twice as great, the compression effected in the 
latter case would be less than double that shown in the former case, for the resistance would 
be greater as the molecules became more closely compressed. 

The next trial was suggested by Mr. Clerc on the ground, " Given an explosive compound 
composed as in IV. (A) of 

Nitro-glycerine 40 per cent. 

Nitrate of Potash 48 " 

Sawdust 12 " 

what relation, in point of effective strength, does the dope bear to the nitro-glycerine ?" 
After several trials with different weights of pure nitro-glycerine, it was found that a charge 
of 0»900 gramme of pure nitro-glycerine gave prdcticaUy the same compression as a charge 
of I'h grammes of the mixture IV. (A) thus : 

V. Charge 0-900 gramme pure nitro-glycerine. 

Mean height of lead before firing 0-929' 

« « " after « 0-229' 

Mean compression 0-700' 
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or* IV. (A) Mean compression 0*703'' 

V. " " 0-700' 



Difference 0-003'' 

Throe thousandths is so small a difference that it may be disregarded; indeed, exact 
equivalent results would not be any more reliable. We therefore see that as the proportions 
of pure nitro-glycerine in IV. (A) and V. are as 6 : 9, that in IV. (A) the nitro-glycerine does 
two thirds of the work ; in other words, that an explosive dope composed of 1 sawdust to 4 
saltpetre, when mixed in the proportion of 40 parts of nitro-glycerine to 60 of dope, adds one 
half to the effective strength of the nitro-glycerine. This compound is the ordinary com- 
mercial giant powder (or dynamite) No. 2. The sulphur and rosin described above (p. 69) by 
Capt. Alex. Mackenzie as being used in the manufacture of No. 2 dynamite are now discarded. 
Sawdust and saltpetre are the only constituents of the dope, the sawdust giving the carbon 
and the saltpetre the oxygen necessary, while the nitro-glycerine present avoids the need of 
the sulphur ordinarily added to promote combustion. 

Next, a trial was made with the XX powder that has since been largely introduced by 
the giant powder companies. This explosive is substantially founded on the principles 
described in the patent No. 183,764 of Egbert Judson (see p. 104 of this work). In it a 
very low percentage (6 per cent) of nitro-glycerine was used. The object of the trial was to 
see the strength added by the explosive dope, and also to compare this XX dynamite with 
ordinary rifle powder. 

VI. (A) Charge 1-5 grammes XX powder. 



IT 



Mean height of lead before firing 0'933 

" '' " after " 0-335^ 

Mean compression 0« 598* 

Next, the amount of pure nitro-glycerine contained in 1 • 5 grammes of XX powder was 
taken. 

(B) Charge 6 per cent of 1-5 grammes = 0«09 gramma 

Mean height of lead before firing 0« 931" 

" « " after " 0-668" 

Mean compression • 263" 

(C) Charge 1 • 5 grammes " American Sporting Powder," of the Hazard Powder Com- 
pany, fired simply with Bickford fuse without exploder. 

Mean height of lead before firing 0-933" 

'< " " after " 0-876" 

Mean compression 0-057" 

(D) Same charge as (C), except that, instead of being ignited by a fuse, it was fired by 
an exploder with battery. 

Mean height of lead before firing 0-933" 

« « « after « 0516" 

Mean compression 0-417" 
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From these four tests, VI. (A), (B), (C), and (D), we see, first, that as between (A) 
and (B) : 

(A) Mean compression 0-598'' 

(B) " « 0-263" 

In favor of (A). 0.335" 

Now, the compression produced by the best rifle powder is, we sec by (C), only 0-057 
when it is fired by fuse, but when fired with an exploder as in D, it is probably in a measure 
detonated, aini we then obtain an eflfect of 0.417; comparing (A) and D, we have, 

(A) Mean compression . 598" 

(D) « " 0.417" 

In favor of (A) 0-181" 

But it is hardly necessary to call the attention of the reader to the fact that the best rifle 
powder is many times stronger than ordinary blasting powder ; moreover, that a small 
quantity of rifle powder (1 • 5 grammes), fired by an exploder, would bo detonated under the 
most favorable circumstances; j'et even here, we see the XX powder developing far greater 
strength, though the percentage of nitro-glycerine is only six. It is claimed that this new 
"XX brand of dynamite can be manufactured at a much lower cost than black blasting powder, 
and that it will do far greater work ; and these tests appear to substantiate such a conclusion 
as to the question of greater strength. 

The above six trials appeared to so conclusively demonstrate the fact that an explosive 
dope does add effective strength to a nitro-glycerine compound, that it did not seem necessary 
to pursue the question further. 

Before concluding the trials, however, a set of successive tests were made, with gradu- 
ally increasing charges of pure nitro-glycerine, to establish the pressure exerted by the several 
amounts of nitro-glycerine taken. This was done with the following results : 

VII. Charge 0-200 gramme pure nitro-glycerine. 

Mean height of lead before firing 0.933" 

« " " after " 0.527" 

Mean compression 0-406" 

VIII. Charge - 400 gramme pure nitro-glycerine. 

Mean height of lead before firing 0-930" 

" '' " after " 0-414" 

Mean compression 0-516" 

IX. Charge • 600 gramme pure nitro-glycerine. 

Test No. IV. (B) above showed the mean compression with this charge to be • 601". 

X. Charge 0.700 gramme pure nitro-glycerine. 

Mean height of lead before firing 0-929" 

" " '' after " 0-285" 

Mean compression 0-644" 

XL Charge • 800 gramme pure nitro-glycerine. 
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Mean height of lead before firing 0'988" 

'' " " after " 0.261" 

Mean compression • 672'' 

XII. Charge 0-900 gramme pure nitro-glyeerine. Test No. 5 above showed tho mean 
compression with this charge to be 0-700". 

XIII.* Charge 1-0 gramme pnre nitro-glycerine. 

Mean height of lead before firing 0«931" 

" " " after « 0.201" 

0-730" 
TABLE 9. 

The mean results only of trials arc given abovD. The following are the tests in detail, 
from M'hich mean results were deduced in all trials : 



I 

II. (A) 
11. (B) 

III. 



Cliarge = 1 Exploder > 

Cliarge, 75 per cent nitro-glycerine, 
25 per cent infuflorial earth. 

Charge, 1-125 grammes pure nitro-) 
glycerine ) 

! Nitro-glycerine, 75 
Saltpetre. 20 
Sawdust, 5. 



( Nitro-glycerinc, 40. 
IV. (A) Charge, -! Saltpetre, 48. 

( SawdMst, 12. 



IV. (B) 

V. 

VI. (A) 
VI. (B) 

VI. (C) 

VI. (D) 

VII. 

VIII. 

IX. 
X. 

XI. 

XII. 
XIII. 



Charge, 0*600 gramme nitro-glycer- 
ine 

Charge, 0-900 gramme pure nitro-( 
glycerine J 

Cliarge, 1 -5 grammes XX powder 

Cliarge, 0-09 gramme pure nitro- )^ 
glycerine ' 

Cliarge, 1*5 grammes American sport- 
ing powder, fired by fuse 

Charge, 1*5 grammes American sport- 
ing powder, fired by exploder 

Charge, 0-200 gramme pure nitro- \ 
glycerine ) 

Charge, 0-400 gramme pure nitro-) 
glycerine f 

Charge given in IV. B 

Charge, 0-700 gramme pure nitro-) 
glycerine ) 

Charge, 0*800 gramme pure nitro- ) 
glycerine f 

Charge given in V 

Charge, 1*0 gramme puro nitro-) 
glycerine f 



Orizina) 

Height of 

Lead 

Cones. 



Mean. 








































931' 

929 

931 

933 

932 

933 

933 

932 

933 

931 

933 

932 

930 

930 

927 

925 

931 

933 

927 

932 

933 

931 
933 
933 
933 
930 



929 
933 



931 



\ 0-930* 
[ 0-932 
[ 0933 

0-932 

0-930 

0-930 

0-929 
0-933 
0-931 

0-933 

0-933 

0-933 

0-930 

t • • • 

0-929 
0-933 

• • • • 

0-931 



Height of 

Cones 
after com- 
pression. 













































876 
516 
527 
414 



285 
261 



201 



Mean. 




0-227 



0*329 

0-229 
0-335 
0*608 

0-876 

0-516 

0-527 

0*414 



0-285 
0*261 



0-201 



Com- 
pression. 



Mean. 



176' 

0175 

0738 

0*741 

0-739 

0-752 

0-754 

0*766 

0775 

0775 

0-764 

0-707 

0-700 

0-710 

0-695 

0-601 

0-601 

0-600 

0-695 I) 

0-705 ) 

0-598 

0-263 
0057 
0417 



0-175 
0*788 
0*753 

0-770 

0*708 

0-601 

0-700 
0*598 
0-268 

0*056 

0*417 



« • 



0*406 0*406 



0-516 

• • • • 

0*644 
0672 

• • • • 

0*730 



0*516 

■ • • . 
0*644 

0-672 

• ■ • • 

0780 



* These latter tests from VII. to XIII., inclusive, were made in the endeavor to find compressions of the lead 
cones, corresponding to various definite charges of nitro-glycerine, so that, assuming the pressures exerted to 
be proportional to tho charges of nitro-glycerine, a scale might be obtained by which to measure the relative 
pressures exerted by different explosive mixtures. 
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As to tests with the pressure-gauge, one objection* to their accuracy that has been 
made is that there is a recogin'zed limit to the velocity with which force can be transmitted 
along a body. The velocity of sound in that body, in fact, expresses this limit. If a force is 
applied at a higher velocity, it is only transmitted in part, the remainder causing compression 
of the body and the development of heat. From this, it may be argued that blows, shocks, 
or explosions, acting with great velocity or suddenness, would be less fully transmitted, and 
so fail to produce their adequate effects, as compai'ed with those less sudden, down to the 
limit of the velocity at which the bar would transmit sound. For this reason, it may be 
said that the pressure-gauge fails to give in full their just proportions to such shocks as those 
of pure nitroglycerine and like bodies, whose suddenness of explosion would be much in 
excess of the transmitting velocity of an iron bar. But with the pressure-gauge, the bar 
through which the shock is transmitted, as we have seen, is only some inches long, and it is 
more than questionable whether any apparatus could be devised for measuring such tre- 
mendous forces as those developed by the* detonation of nitro-glycerine compounds that would 
not be open to some slight criticism. Moreover, we undoubtedly have here three distinct 
sets of tests : those by the ball and socket, by the mortar, and by the pressure-gauge ; and they 
all point conclusively to the same general result — i,e,^ it was shown in the case of each set 
of tests that a compound of nitro-glycerine with explosive salts developed far greater effective 
strength than the sum of the forces developed by the several constituents alone, and this excess 
of strength is so great in the former case that we seem justified in assuming the principle. 

Compounds of nitro-glycerine with a lower percentage of the latter than that contained 
in No. 1 dynamite must be bought, for use in the rocks, varying between easy I'ock, where 
black powder has hitherto been found to be most effective, and the o])posite extreme of hard 
syenite, trap, or granite, where pui'e nitro-glycerine or No. 1 dynamite do their best work; 
especially are they of use in enlarging in tunnel-work, taking off sides, etc., etc., where they 
can be used with much greater economy than No. 1, the great strength of which is so apt to 
be wasted by ignorant workmen. 

In fact, the lower dynamites are, perhaps, in many cases cheaper in tunneling even 
through the harder rocks, when deep-hole blasting is not used ; but in wide headings driven by 
rock-drills with ten and twelve foot centre cuts, the work can only be effectively done with 
No. 1 dynamite, or, perhaps, the pure nitro-glycerine. 

The lower compounds of nitro-glycerine (similar to dynamite No. 2) are known under 
varions names, as lithof racteur, dualin, rend-rock, vulcan powder, glyxoline, Ilorseley's pow- 
der, etc., etc. They are all based on the general principles enunciated in the foregoing dis- 
cussion of giant powder (or dynamite) No. 2. (See p. 88 for others, and Table 13, p. 99.) 

The composition of No. 2 dynamite, as manufactured in this country, we have given. 
The following t are varieties of it made in England : 



Per cent. 

Nitrate of Soda 69-00 

ParaiBne 7-00 

Charcoal and Coal-dust 4*00 

Nitro-glycerine 20*00 



100-00 



Per cent. 

Nitrate of Potash 71-00 

Paraffine 1-00 

Charcoal 10-00 

Nitro-fflvcerine 1800 



100-00 



* Prof. Henry Morton, in bis testimony as expert in the suit of ** Atlantic Giant Powder Company w. George M. 
Mowbray et a/." Another objection to the apparatus described on previous pages is that they probably give less 
than the full force due to the explosive, there being a double loss by reason (1) that the carbonic oxide is not further 
oxidized to carbonic acid, and, (2) the full expansive force of the heat of combination is not utilized. An apparatus 
fully confining the gases of explosion would doubtless show greater pressures. 

f '* Beport of Select Committee of House of Commons on Explosive Substances," June, 1874. 
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LiTHOFBAGTEUB. 

Lithofracteur is a nitro-glycerine preparation made by Krebs Bros. & Co., in Cologne, 
claimed to be first manufactured by Engels, in 1866. According to Trauzl (1870), it is com- 
posed of — 

Per cent 

Nitro-glycerine 52 

Infusorial Silica and Sand 30 

Carbon 12 

Nitrate of Soda and formerly Nitrate of Baryta 4 

Sulphur 2 

100 

This explosive has attained considorable favor iu some parts of Europe. In a paper 
read, by Perry F. Nursey, before the Society of Engineers, London, October, 1871, he speaks 
of it as containing about 60 per cent of nitro-glycerine, 35 per cent of explosive and absorbent 
media, and 6 per cent of incombustible matter. Assuming dynamite to contain 75 per cent 
of nitro-glycerine, Mr. Nursey thereon argues that lithofracteur would give out 20 per 
cent more power, under conditions of work, than dynamite. 

Now, this 20 per cent could only hold good on the manifestly erroneous basis that the 
strength of the component absorbent explosives is equal to that of nitro-glycerine pure. 
Though the combined salts undoubtedly do add strength to the compound, it certainly is 
erroneous to assume them as equal in strength, cent per cent, to pure nitro-glycerine. Litho* 
fracteur, according to Trauzl, is more sensitive to temperature than dynamite, exploding at 
248° F. (120° C), while the exploding point of dynamite is 356 F. (180° C), and he further 
characterizes it as inferior in explosive power to dynamite. 

Hobseley's Powdee 

is a compound of chlorate of potash and nutgalls ; this, though in itself a powerful blasting 
powder, has been found to work well with 20 per cent of nitro-glycerine added. Brain's 
powder is a compound of 40 per cent nitro-glycerine, with a mixture of chlorate and nitrate 
of potash, wood charcoal, and prepared sawdust. 

DUALIN. 

Dualin was first prepared by Carl Dittmar, a Prussian officer. Its composition, accord* 

ing to Trauzl, is : 

Per cent. 

Nitro-glycerine 50 

Fine Sawdust 30 

Nitrate of Potassa 20 

• 100 

(It is claimed in Dittmar's patent that a substance he calls xylogodine is substituted for ordi- 
nary nitro-glycerine in the manufacture of dualin.) As compared with dynamite (No. 1), it 
is (Trauzl) more sensitive to heat and also to mechanical disturbances, especially when 
frozen, when it may even be exploded by friction ; the gases from explosion, in consequence 
of the dualin containing an excess of carbon, contain carbonic oxide and other noxious gases 
(these gases are also evolved, on the explosion of lithofracteur (Trauzl), from the carbon in 
its composition ; they probably also result when carbon is substituted, as it sometimes is, 
for some of the ingredients in No. 2 dynamite). 

The sawdust in dualin has less absorptive power than silicious earth, and retains the 
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nitro-glycerine comparatively feebly; exudation therefore is liable to occur, unless strong 
wrappers are used for the cartridges. Trauzl estimates the explosive power of daalin as 
being 50 per cent less than that of dynamite. 

" Eend-rock." 

This explosive is another nitro-glycerine compound. It was first made in 1873, and the 
patent for it was taken out by Beach, of New York. It is described (p. 101) in the patent 
specifications, and is similar in principle to the No. 2 dynamites. 

• 

CoLONiA Powder, 

mentioned by Trauzl, is again another nitro-glycerine compound ; it is a mixtiu'e of gun- 
powder with 40 per cent nitro-glycerine. A patent was taken out as early as 1863, by No- 
bel, for mixing nitro-glycerine with *^ ordinary powder, gim-cotton, or other analogous bodies." 
In this patent (dated Paris, September 18th, 18§3), it was intended, however, to use the 
gunpowder as an igniting agent (see p. 68). The art of detonating either nitro-glycerine 
pure or any of its compounds, by means of fulminating caps, was not known at this date. 

Vulcan Powdeb. 

comes in the same general category of compounds similar in principle to No. 2 dynamite ; it is 
said to be composed of from 16^^ to 33^ per cent of nitro-glycerine mixed with mealed gun- 
powder. It is hardly necessary to cite any more of the general compounds of nitro-glycerine with 
explosive salts. They can be almost infinitely multiplied, and are all of the same general 
type (see p. 86) as their original precursor. No. 2 dynamite. Among others may be noted the 
following: Hercules, Neptune, Thunderbolt, Vigorite, Potentia, Titan, etc. There have also 
been a number of patents taken out for combinations, or rather mixtures, of nitro-glycerine 
with sponge or vegetable fibre : *'Porifera Nitroleum," with red lead ; " Metalline Nitroleum," 
with plaster-of-paris ; " Selentic Powder," witli coni-meal ; " Fulgurite." etc. Nitro-cellulose 
dynamite is a dynamite composed of 75 per cent nitro-glycerine to 25 per cent nitro-cellulose. 
It has not been received with favor as a blasting compound. There remains only to be con- 
sidered, among the prominent explosives, Mowbray's "Mica Powder," so called. 

Mica Powder. 

As to mica powder, it is simply a No. 1 dynamite — i.e., if wo understand No. 1 dy- 
namite to be a generic term for all compounds of nitro-glycerine with an inexplosive or inert 
base. It dififers from Nobel's dynamite in the characteristics of its base — that is to say, the 
difference may be said to be as marked as in the case of dualin, lithofracteur, etc. We have 
seen that in these the difference in base is claimed to be from the use of salts, carbon, saw- 
dust, etc., in the absorbents. Now, the essential characteristic of Nobel's absorbent — i.e., 
silicious earth (which is also used in combination with many of the other compounds) — is 
that the nitro-glycerine is taken up into the fine, porous, microscopic shells composing it by 
capillary action, and firmly held there. This property of the " kieselguhr," as preventing 
the tendency to exudation, has been claimed to be the chief value of silicious earth as an 
absorbent. On the other hand, Mowbray claims that the absorbent used should, in fact, act 
as a carrier, so to speak, of the nitro-glycerine, but that it should not possess true absorbing 
powers, arguing that when nitro-glycerine is taken up by a true absorbent, its " quickness" 
is thereby materially lessened. Nevertheless, Mowbray found and admits (p. 89 of his work 
on " Trinitro-glycerine") that pure nitro-glycerine will not answer for all cases of blasting, 
but that for certain uses it is best to use an absorbent ; that the question of the true economy 
of explosives lies in the correct distribution of the explosive force ; that while in certain 
cases, as in deep-heading cuts, the very strongest and quickest agent attainable is the best ; 
that in other cases, as in bottoming and in side-cuts, a better effect is obtained when a less 
powerful explosive is distributed through a longer line. 
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Beginning, therefore, with ghiss blown into fine flakes, and moistened with nitro- 
glycerine, so that there should be no absorption, but rather cohesion of the mass, lie finallj 
settled on finely divided scales of mica as fulfilling the qualities he desired of being elastic 
and essentially non-absorbent. 

It is said that this material has been used with excellent effect at the Hoosac Tunnel 
and elsewhere. As to the strength of the compound, there can of course be but one opinion, 
for what is it but a pure nitro-glycerine mixture ? As to its comparative value with other 
explosives, it probably ia stronger, pound for pound, than any of those containing a lesser 
proportion of nitro-glycerine ; and, theoretically speaking, it is probably stronger or at least 
"quicker" than dynamite containing an equal percentage of nitro-glycerine, on the principle 
that given a certain weight of pure nitro-glycerine, and an equal weight of nitro-glycerine 
which may then bo mixed with an absorbent, the pure article will undoubtedly fire the 
" quickest," and in the same ratio as the solid matter intermixed leaves the nitro-glycerine 
freer, it will give the stronger explosive.* We shall, however, see further on that mica-scale 
will not retain over about 52 per cent of nitro-glycerine, while we know that kieselgnhr 
will hold 76 per cent. 

In mica powder, it is claimed by some that, as the mica-scales give an almost infinite 
number of comparatively clear interstitial air-spaces between the individual scales of the 
mixture, this condition enables the flame and vibration of the exploder to reach every 
portion of the cartridge even more quickly than with the same weight of pure nitro-glycerine 
in liquid form. This is, in fact, a controversy that reminds us of the old one as to whether 
gunpowder will fire best rammed tight in a bore-hole, or with a hollow space left to supply 
additional oxygen. Here the question is, will a liquid transmit shock through its body in, 
say, a cubic mass more quickly than if that mass is laid as an infinitely thin coating over a 
largo surface (for the infinite number of mica-scales may be considered^ for discussion, as 
uniting to form contiguous plane surfaces). If nitro-glycerine were an explosive of the 
" second order" (see p. 96) — i.e,^ a slow or rending compound, like gunpowder, in which 
explosion results from the comi)aratively appreciably alow transition of ignition from atom 
to atom — then the theory that mica powder was '^ quicker" than nitro-glycerine would seem 
passably plausible ; but nitro-glycerine is essentially a detonating compound, or one of the 
" first order," in which ignition of the whole mass is effected practically sinmltaneously, 
more by shock than by direct ignition, and providing the volume of liquid nitro-glycerine 
be not larger than the detonating cap, be sufficient to explode, it would seem the safer 
assumption to say, that tho spreading out of this large volume over a large plane surface 
would tend to remove part of it beyond the direct influence of the detonator — t.^., render 
it less quick than when fircd in pure volume. 

But seeking strength was not what drove Nobel to invent dynamite. • The safe reten- 
tion of nitro-glycerine by an absorbent is what is desired, and the undoubted inference is 
open that the " fi'eer'* the absorbent will leave the nitro-glycerine, the more liable will it be 
to exudation (as we have seen in Trauzl's opinion of dualin), for though nitro-glycerine at 
50° to 60° F. (10° to 15° C.) is a thick liquid, easily retained, yet at 90° to 100° F. (32° to 37° C.) 
it becomes quite limpid; and in the direct ratio in which it is left '* fres" will it approach tho 
objections to the use of pure nitro-glycerine which the employment of an absorbent is 
designed to avoid. It is, on the other hand, clai:ned that the elastic, resilient properties of 
the mica-scales cushion the nitro-glycerine effectually from accident by concussion, and that 
the large supei-ficial area presented by the scales gives so much adhesion surface as to retain 
the liquid. 

This power of retention, however, must have some limit. Nobel found positively that 
75 per cent was the highest proportion of nitro-glycerine that infusorial earth would hold 

* This has been disputed; soc footnote page 98. 
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securely. It cannot be physically contended that the plane surfaces of mica-scales have the 
capillary attraction that infusorial earth has ; indeed, it is specifically claimed by Mowbray 
that mica-scales were chosen by him on account of their non-absorbent quality. Practically, 
it is found that from 60 to 52^ per cent of nitro-glycerine, according to the temperature, 
is the highest proportion that can be retained by mica-scale even witli a. paper cartridge. 

The practical final inference would seem to be that in cases where the use of pure 
nitro-glycerine is not desired, and yet a high dynamite (75 per cent nitro-glycerine) needed, 
then that the absorbent chosen should be such a substance, as infusorial earth is, as will effec- 
tually retain this high percentage from exudation. 

Again, as we have seen that a low percentage of nitro-glycerine mixed with infusorial 
earth alone is essentially non-explosive without the admixture of other less absorptive sub- 
stances in the dope, it would here seem that, with a low percentage of nitro-glycerine, mica- 
scale, or some equivalent substance, may be preferred as an absorbent, where an inert hose 
is desired, for experience has effectually shown that a low percentage of nitro-glycerine 
mixed with mica-scale alone is explosive. Mica powder would have the equal advantage 
with dynamite, that in its explosion no gases are developed but the innocuous ones of nitro- 
glycerine proper. (The above full description of mica powder is given as it raises inter- 
esting questions in the manufacture of explosive compounds. With regard to its special 
features, however, it is interesting to note that . the courts have decided it to be a dyna- 
mite.) 

Gum DYNAMrrE, or Explosive Gelatine.* 

Gum dynamite, discovered by Nobel, is a true chemical compound of nitro-glycerine and 
nitro-cellulose. By varying the percentage of gun-cotton or other nitro-cellulose used, the 
resulting product will vary from a gum of hornj'^ aspect to a syrup. 

The gum state is most preferred, and is rendered less sensitive by adding camphor or 
nitro-benzine. The mixture of 7 or 8 per cent gun-cotton and 93 or 92 per cent nitro- 
glycerine is greatly superior to nitro-glycerine or simple dynamite. If camphor be used, it 
is liable to evaporate, and let the gum, to a certain extent, re-acquire its sensitiveness. But 
there always remains enough camphor to render the gum less sensitive than simple dynamite. 
Gum dynamite is amber-yellow and transparent, having a density of 1-6. It may be cut like 
jujube paste, and submitted to a pressure of 1,000 kilogrammes without exudation. In the 
op^n air it burns quietly, crackling slightly. Exploding, it makes a clearer and sharper 
report and less smoke than does nitro-glycerine. 

It requires slightly different tamping, explosion, firing, liandling, transportation, etc., as 
it is affected in some cases where ordinary dynamite is not. 

Water tamping, instead of lessening its force, is said to greatly increase it, and produces 
no change in the composition, but carriage under water decreases danger in transportation. 
After being immersed in water it shows no evidences of exudation. 

Firing, 
The old regulation exploders for frozen dynamite will not cause perfect explosion of 
explosive gelatine. A special powerful cartridge, made of 25 per c«nt cotton powder and 75 
per cent nitro-glycerine, yields superior results. While ordinary dynamite explodes under a 
shock of 1 kilogrammeter,f 2 to 5 kilogrammeters are necessary to detonate gum dynamite. 

Handling. 
It has been customary to handle nitro-glycerine and dynamite in a frozen state. Unfor- 
tunately the effect of cold on gum dynamite, instead of decreasing its liability to explosion, 
is to render it more seositive to shock. It freezes at &" C. Freezing does not, however, 
lessen the effect of explosion. 

* Seo Engineering and Mining Jour., Juno 10, 1833, for testa of Gum Dynamite, '67 Qen'l Abbot, U.S.A. 
f One kilogrammeter = 7.238 foot-pounds. 
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In thawing, a eand bath is usually employed, the cartridges being placed in zinc vessels 
and care taken not to undo th§ cartridges. The zinc pans should be washed, from time to 
time, with alcohol or ether, to prevent accidents when re-soldering their seams. 

Explosive gelatine has about twice the rending force of dynamite. In ordinary rock the 
gum is about one-half stronger than dynamite, but in very hard rock, double. It has been 
tested in lead blocks with dynamite, and has yielded 60 per cent greater cavity volume than 
simple dynamite. 

The above description of gum dynamite, is translated and condensed from an exhaustive 
article on the subject by M. Moreau.* In his article M. Moreau gives the following table of 
the comparative results attained by black powder, dynamite No. 1, and gum dynamite, at 
the St. Gothard Tunnel. 





BLACK FOWDBR. 


DTNAMITE NO. 1. 


GUM DTNAMITE. 


Number of holes 


80 
Dm. 70 to 0m.90 
0m.040 to 0m.070 
34 kilo. 


' 24 

Im.SO to lm.60 
0m.025 
16 to 20 kilo. 


12 to 16 


Depth of holes, meters 


lm.20 to lm.50 


Diameter of holes 


0m.020 


Weight of charge 


10 to 14 kilo. 



Although slightly dearer than dynamite, it does one-third to one-half more work. Its 
gases of explosion are less deleterious to health than those from dynamite or gun-cotton. 

PiCEATES. 

The picrates are salts of picric acid, C,H,(NO,),0 or C.H,N,0,. A large number of 
them are known, but the potassium and ammonium salts are the only ones that have been 
much used in explosive preparations. DesignoUes' blasting powder is a mixture of potassium 
nitrate (saltpetre) and potassium picrate. Abel has applied a mixture of ammonium picrate 
and saltpetre as a powder for bombshells. These compounds are rather applicable, if at 
all, to military than mining purposes, and do not concern the question of tunneling. They 
have been used for charging explosive bullets. 

Norrbin and Ohlsson have, however, patented a blasting powder composed of the nitrate 
or nitrite of ammonia, mixed intimately with a fulminate, which may be the " picrate of 
potash, nitro-mannite, or nitro-glycerine." It has been made in the proportion : 

BY WEIGHT. 

Nitrate of Ammonia 30 parts. 

Coal 6 to 8 " 

Nitro-glycerine 10 " 20 " 

The main application of the picrate of potash as an explosive agent is rather as a ful- 
minate than for charging proper. 

Fulminates. 

The fulminates are salts of fulminic acid (C,H,N,0,). The mercury salt is the only 
one of practical value, t AH of them are easily exploded, and some are excessively sensitive. 
Their explosions are very sharp, from the extreme rapidity of their decomposition ; but from 
the small amount of gas given off, the force exercised is not very great. Fulminating mer- 
cury (C,H,N,0,) explodes violently when forcibly struck, when heated to 367'' F. (186° C), 
when touched with strong sulphuric acid or nitric acid by sparks from flint and steel, or 
on passing the electric spark. When wet, it is inexplosive. Its explosive force is not 
much greater than that of gunpowder, but it is much more sudden in its action. 

The readiness with which it may be fired makes it an excellent means of causing the 
explosion of other substances, being essentially a detonating powder. It is, therefore, as we 

* Memoire3 de la Socicic dee Ingenieura CiviU, December, 1880. 

t See, for an exhaustive study of the explosive properties of fulminate of mercury, an article by Berthelot 
and Vielle, Annates de Chimie ei de Physique, 1880, p. 564. 
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have seen, a requisite for exploding gun-cotton, nitro-glycerine and its compounds, etc., and 
it is a substance of especial and great interest to the tunnelman, as it is wholly through its 
agency that the great force of these high explosives is fully brought out. Properly made, 
fulminate fuses or exploders are perfectly safe ; but unless care is taken in the manufacture, 
they may be dangerous. 

They are all of the same general type, and are substantially prepared by placing a small 
quantity of sensitive powder or priming in the cap, and in it the extremities of the wires are 
inserted. (At Iloosac, Mowbray * used for sensitive powder the sulphide and phosphide of 
copper with chlorate of potash.) (See as to electrical fuses, post p. Ill,) 

From 15 to 25 gmins of fulminating powder were added in the early types ; the spark, 
on passing, ignites tlie sensitive powder, which again fires the fulminate, and the detonation 
of the latter fires the charge. (These heavy fulminate charges in caps have, however, been 
very much lessened of late years. The commercial caps in general use may be assumed, to 
generally contain not over from G to 8 grains of fulminate, and often less.) 

When improperly made, fulminating caps are, of courea, a fruitful source of danger and 
loss. The cost of explodere is but a very small item when compared with the cost of the 
blasting material and the expenses attending its use. Contractors and othera using them on 
a lai^e scale often lose heavily by their own mistaken economy or carelessness in using in- 
ferior makes. A single accident that would not have occurred if good exploders had been 
used, will often cost the operator much more than all the explodei*s he uses in a j^ear. 

Many of the cases, however, in which unexpected explosions of caps occur which are 
set down to defects in the exploders, are clearly attributable, on investigation, to ignorant 
handling. 

Others, however, occur which seem unaccountable, except through decomposition of the 
fulminate. In the author's own experience, such a case occurred in 1874 at the Musconet- 
cong Tunnel. The contractor, Mr. Charles McFadden, used the Hamburg caps supplied by 
the Atlantic Giant Powder Company. Those for the East Heading were kept on the second 
floor of a store-house, with other miscellaneous goods. One night, from some cause never de- 
termined, there was a sudden explosion of a number of them, the box at the time containing 
several thousand. Most probably the mischief came from one single original explosion which 
fir«d the adjoining caps. A man was sleeping in the room within fifteen feet of the box. 
The sides of the house and the roof were torn off, and the floor crushed in, but, the man 
escaped entirely unhurt. It being winter, he was well wrapped up in blankets, so tlie flying 
cartridges failed to harm him, though his watch hanging at the head of his bed had the works 
completely blown out. 

Mowbray says f with regard to exploders, that the important points to secure in their 
manufacture are ** uniformity of composition ; that they shall not ofiertoo great resistance to 
the spark ; that they shall not be so sensitive as to explode either from the ambient elec- 
tricity of the atmosphere, or from tlie electricity pervading a tunnel, caused by the friction 
of the air from the compressors when it escapes through the vulcanized rubber of the con- 
necting pipe." 

As to the practical danger of disregarding this source of electrical action, Mowbray 
further says : *' This source of electricity, I believe, caused an accident March, 1873, at the 
Iloosac Tunnel, killing a man ; and it was followed by another similar in every respect a 
fortnight afterward ; for as the blaster charging the holes on the last occasion, observed : 
* The moment I touched the bare wire (afler the insulated portion had passed through my 
hand), premature explosion ensued.' It had been the custom, after withdrawing the drill- 
ing-machines, to allow a pretty free discharge of compressed air for ventilation ; and, assum- 
ing a man in his rubber boots to be an insulated jar, the hands, face, etc., would serve as 

♦ On TrinUro-nrlyccrino, p. 74. t I^-. P- 74. 
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collecting points, while the electricity developed bj the moiet vesicles of tlio cold, expanding 
air rushing through a pipe from a reserroir charged up to fifty or sixty poiinda i>er inch, 
would closely resemble the hydro-electric machine, and develop considerable electricity. The 
blaster, not aware that he is a walking cliarge of electricity, proceeds to liis work, inserting 
cartridge after cartridge of nitroglycerine, until ho comes to the last, which is nnned with 
the electric fuse. Tim moment liis hand touches one of the naked wires, the current [>as3eB 
through the priming, and explosion follows. 

"Let a blaster, before he handles these wires, invariably grasp some metal in moistened 
contact with the earth, or place botli hands against the moist walls of the tunnel. Befora 
taking the leading wires to the electric fuse wires, let the bare ends of the leading and 
return wires be brought first into contact with tliemselves, and then into contact with the 
moist surface of the tnnnel, or some metal in good coimectJon with the ground, and, before 
inserting tlie armed cartridge, let him unite both of the uncovered naked wires, and touch 
them to a metal surface having good ground connection. Above all, do not ventilate by 
allowing a free blast of air through a nibber connecting pipe, until after the electric connec- 
tions have been made and tbe blast fired." 

Tlie author personally remembers an instance where a blaster was walking into the tunnel 
with a number of caps slung over his shoulder, the caps lianging down hia back, and the 
ends of the wires being in bis hands. Suddenly, several of them exploded, damaging his 
shirt considerably, but not hurting the man seriously. 

During the spring of 1877, Mr. Adolphe Sutro instituted a series of experiments at the 
Sutro Tunnel, to test whether the electric explodere used there were capable of being readily 
fired by electricity communicated from the human body. Bepeated trials tended to prove the 
great danger that maybe incurred by carelessly handling them a/Her tbe ends of tbe wires have 
been stripped of their gutta-perelia covering. It was fonnd that a man moving briskly across 
a carpeted floor, rubbing his feet on the carpet in doing so, in fact sliding, became so charged 
that, ander favorable circumstances, caps were repeatedly fired by sparks from the end of 
the finger. This emphasizes tlie fact that the entis of the wires should not be stripped until 
the caps are really required for use. That is to say, they should not be stripped, for instance, 
several days ahead, and a body of such unprotected caps left lying arouud, as is often done. 

'Stoeaoe of Explosive Compounds. 
Blasting materials should be carefully stored in magazines properly constnicted, and 
placed at a safe distance from houses or shanties adjoining the work. 

Care should especially be taken in tlie storage of nitro-glycerine and its compounds, that the 
exploding caps and the explosive be kept in different places of deposit. 

Gunpowder and the glycerine compounds shonld never bo kept together. The construc- 
tion and position of magazines for the glycerine com- 
pounds must depend greatly upon the climate. 
Fig. 13 shows a plan of magazine that has been 
used. In warm latitudes, cool storing-places are 
necessary ; while in cool countries, it is advisable to 
select only such places as will insure a temperature 
of from 50° to 60° F. (10° to 15i° C.) being main- 
tained. Cellars or sheds covered wilJi earth prove 
the best in all climates. Particular cautions with 
I regard to the storage of gunpowder are hardly nec- 
I essary, its characteristics, its ready liability to igni- 
' tion, and consequent explosion, being familiar to all. 
Fig. 16 may be taken as a design for a magazine.* 
• Prom Schoen, " Der Tunnelbau," p. 78, 
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With tlie glycerine compounds, liowever, the fact is indu- 
bitably established that, when in good condition, they are 
absolutely non-cxplosivc under ordinary circnmstancee, unless 
fired by percussion and heat combined, or under pressure. 
These compounds are only rendered liable to explosion by the 
presence of the caps or exploders, therefore too mucli eare 
cannot be used in the storage of the two. Where a large quan- 
tity of an explosive is nsed on a piece of work taking some tin:ie 
to complete, the bulk of the explosive is usually kept in a 
magazine at a distance from the works, and the cartridges inado 
up in a separate " dry-house" when needed. Here also watch 
should be kept that care is used in the preparation of the car- 
tridges, as the quantity of explosive in the dry-house will often 
neceasarily be several hnndred pounds, where work is lively and 
the charges heavy. The carelessness shown by workmen is 
often absolutely inconceivable. It can safely be assumed that, 
in nine cases out of ten, accidents result directly from this cause. Fig. 18. 

The following accident occurred, in the antlior's experience, on a piece of work where 
dynamite was the explosive used and preferred. As it was in winter, a stove was kept in 
the dry-house to thaw out the powder which had frozen in the magazine. One day, there 
being three men in the room, one of them, becoming impatient, took two cartridges and held 
them to the iirc to thaw more quickly. He heedlessly held them so close, that one of them 
became ignited, when, instead of throwing it ont of doors, or into the fire to burn, in his con- 
fusion lie dropped it into a box of cartridges ready capped for a Mast. The men hadjust time 
to get some 50 or more feet away, when the 200 pounds of dynamite in the house blew up. 
This dry-ljoHse was situated about 200 feet oft the line of the tunnel, and about 500 feet 
from the portal, yet the explosion put out the lights of the gang working at the bottom, 
some 1000 or more feet in. It also shattered the glass in the neighboring shanties, the nearest 
being about 500 feet off ; no one was hurt. This accident was one of the strongest argu- 
ments in favor of the safety of dynamite that could be advanced. Suppose a man were 
to drop a light into a box of gunpowder, is it likely it would eive him time to get out of 
danger, and then only blow up because the fire reached some caps designed to explode it \ 

With r^ard to the storage of nitro-glycerine and the construction of the dry-house, in 
which the portion to be presently nsed is prepared for blasting, the following notes are from 
the experience of Mr, E. P. North. As to the magazine, Mr, North advises only a shed jnst 
strong enough to keep intruders out, on the principle that the less possibility of compression, 
the better. Both nitro-glycerine and dynamite (in tlie temperate zone) will remain frozen 
in such a magazine for probably one third of the year. As noted, p. 72, it is most safely 
thawed ont in a dry-house having a room heated by steam, conveyed in gas-pipes so 
arranged that the Qu^f io the pipes can never he entirely dosed. This room should have ehelveft 
of sufficient capacity to hold about three days' consumption, as it will take about two days to thaw 
out a loose pile of If" cartridges at a temperature of from 60° F. to 70° F. When using dyna- 
mite for BubaqueouB blasting, allowing one hour to load a series of holes, Mr. North usually 
wanned op the room to about 90° F. for about two to three hours before commencing to load.* 

With regard to the use of water in storing nitro-glycerine, Mr. North wrote the author 
(August, 1877): "I have lately kept nitro-glycerine covered with water containing caustic 

• Where the stock on hand ia not too large, it is probnbl; better in winter to keep djnamite in a warm Arj room 
on shelves or slats ; when once thawed oat, it will remain so. Moreau suggests that at works where a large stock is 
kept on hand, a good plan is to cover the floor of the magazine with fermenting stable manure. He states 
this was done at the St. Gothard Tunnel, and that the heat of the manure is sufficient, except in ver; cold weather, 
when it may be supplemented by burying in the manure metal vessels containing hot water. 
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soda or carbooate of soda, stirring it from time to time with a stick, and testing it with litmus- 
paper, believing that when neutral or alkaline there is no danger of spontaneous explosion." 
Mr. Chas. L. Kalmbach (see Patent No. 153,086, p. 102) who is an expert with nitro- 
glycerine, advises storing it in open earthenware crocks with perpendicular or flaring sides, 
and covered with only a thin film of water. As to dynamite No, 1, there is no occasion to use 
water in preserving it ; the water would rather do harm ; it keeps well enough in a magazine, as 
described above. With the No, 2 dynamites, water tends to dissolve the salts and weaken them.* 

Discussion of the Different Explosive Keaoents. 

And now with regard to the comparative characteristics Df the different explosives, it would 
be rash to laj down any empirical rules as to the one being better or worse than tlie other. 

The question must vary with the character of the material used and with the position in 
the material (whether heading or bottom) in which the explosive is to be applied, and wo 
can, perhaps, consider the question better after reviewing the principles of blasting in tlie 
succeeding chapter. There are, however, some comparative tables of the intrinsic properties 
of the different compounds (not of results of their application), which may be of interest here. 

We have seen, in the discussion of the three principal explosive compounds, what their 
calculated power is. It may now be well to present these figures in direct contrast : f 



TABLE 10. 


. 






POWDER. 


NITBO-GLYCERIKE. 


GUN-COTTON. 


Mixture of gases in cubic centimetres at 32° F. (0<* C.) 
nrodnced bv 1 irramme of tlie exolosive 


200 
8,300 

4.800 

42.000 

303.786 


2,000 

5,200 

26.000 

400,000 

2.898.2C0 


1,200 

4.500 
15,300 


Temperature of these gases in degrees centigrade. . . . 
TheoretioEd maximum pressure in atmosplieres (1 kilo- 


Tlieoretical maximum power per kilogramme of ex- 

Tklnninn in 1c ilofiPi'A.Tn metres 


200.000 


Theoretical maximum power per kilogramme of ex- 
nlosion in foot-nounds 


1. 446.600 









Now, from tliis, it would appear that the theoretical maximum pressure of nitro-glycerine 
is six times, but the theoretical maximum power ten times that of gunpowder. Berthelot has 
calculated the quantity of heat generated in the explosive reaction of different bodies, and the 
volume of gas formed — the product of these numbers giving a term of comparison between 
the pressure that, as he conceives, " accords in general with experience." 

TABLE 11. 



EXFIiOSIVE SUBSTANCES. 



Blaating Powder 

Chloride of Nitrogen 

Artillery Powder 

Sporting Powder 

ifitrate of Soda Powder 

Picrate of Potash and Saltpetre 

Chlorate of Potash Powder 

Picrate of Potash 

Picric Acid and Saltpetre 

Gun-cotton 

Picrate of Potash and Chlorate of Potash. 

Nitrated Qan-cotton • 

Picric Acid 

Picric Acid and Chlorate of Potash < 

Chlorated Gun-cotton. . . « 

Nitro-glycerine 



Qnantity of Heat 
evolved per kilo. 



cal. 
510,000 
816,000 
608,000 
641,000 
764,000 
852,000 
972,000 
578,000 
923,000 
590,000 
,422,000 
989,000 
687,000 
,424,000 
,420,000 
,320,000 



Volume of Gas 


fonned. 


m. c. 


0< 


173 





370 





225 





216 





248 





337 





318 





585 





-408 





-801 





337 





-484 





780 





•406 





•484 





710 



Prodact of the two 
preceding Numbers. 



88,000 
117,000 
137.000 
139,000 
190,000 
286,000 
309,000 
337,000 
876,000 
472.000 
478,000 
480,000 
586,000 
582,000 
680,000 
939,000 



* On this point see p. 118. 



f These figures are given both by Trauzl and Schoen. 
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By this table, it would appear that, theoretically, sporting powder, though giving out more 
iieat than cither blasting or cannon powder, is still not much stronger. Again, blasting 
powder is one of the lowest of explosives. The ratio of gun-cotton to blasting powder is, 
theoretically, over 6 to 1, and that of pure nitro-glycerine over 10 to 1. These proportions, 
however, are considered practically as too high. Sarrau,* in some more recent experiments, 
has taken the ground that the force of any explosive substance is nearly proportional to the 
product of the heat of combustion, by the weight of the permanent gas produced by the 
combustion, and has, from experiments, prepared the following table : 

Name of Subetance. Relative Foroa 

Saltpetre Powder 1 

Chloride of Nitrogen 1-08 

Mixture of 56 parts Picrate of Potash and 45 parts Saltpetre 1-49 

Mixture of equal weights of Picrate and Chlorate of Potash 1-82 

Picrate of Potash 1.98 

Gun-cotton 3-06 

Nitro-glycerine 4-65 

Tliis again would appear practically to be too low a ratio to express, for instance, the 
relative force of nitro-glycerine and saltpetre powder ; the reason is that, under the circum- 
stances in which the higher explosives are now used, their full strength is more completely 
brought out than that of powder. 

This has well been shown in the researches of Roux and Sarrau on detonation. To their 
joint researches is chiefly due the light that has been thrown on the possibility of producing 
two kinds of explosion in the same substances, and they distinguish them as being of the 
first or of the second order. An explosion of the first order occurs when the explosive is 
fired by the application of heat and percussion ; an explosion of the second order occurs 
when the explosive is fired simply by the application of heat, as in applying flame. An 
explosion of the first order being produced in an explosive by the detonation of a 
substance having primarily that quality (as fulminate of mercury) may itself be called a 
^' detonation," as contradistinguished from an explosion of the second order, which is what 
has always been known by the simple term " explosion.'' 

As to the detonating powders proper, Sprengel remarks : f "It is to be regretted that no 
exact method exists for comparing the force of detonating explosives." How a detonating 
substance directly affects a sympathetic detonation in another explosive, not primarily detona^ 
ble, is not yet determined. 

Detonation may be defined to be the instantaneous explosion of the whole mass of a 
body. Thus, when gunpowder is fired in the usual manner, true combustion takes place, 
which goes on with comparative slowness from the surfaces of the grains toward their 
interiors. On the other hand, when nitro-glycerine is fired by means of fulminating mercury, 
the whole mass explodes simultaneously or nearly so. Ordinary gunpowder can be detonated 
if fired with a small amount of nitro-glycerine which primarily is detonated by a fulminate. 

The following table % shows the results of Eoux's and Sarrau's experiments on the 
relative force developed by the simple explosion and detonation of the three prominent 
explosives : 

* " RecliercheB Th^retiques sur les Effets de la Poudre et des Sabfitances Ezploeives." 
f Jounial Chemical Society, I., p. 802. 
X Andre on Coal-Mining, p. 207. 
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TABLE 12. 
Relative Strength of Explosive Compoihtos. 



SUBSTANCE EXPLODED. 



Gunpowder.. . . 
Gun-cotton, ^t . 
Nitro-glycerine. 



Simple 
Explosion. 

1-00 
8. 00 
4-80 


Detonation. 


Relative 

weight of 

Gases.. 


4-34 

6-46 

10 18 


0-414 
0-850 
0-800 



Heat disengaged by 1 lb. 



Simple 
Explosion. 



Detonation. 



1316 
1902 
8097 



1818 
1909 
8200 



Now, this table shows most emphatically the enormous increase of force gained by 
detonation over explosions ; for ordinary gunpowder is seen to be raised at once to over four 
times its explosive strengtli. It must further be remembered that in practice, gun-cotton and 
nitro-glycerine are detonated in blasting, wliile black powder is not. Practically, nitro- 
glycerine can therefore (Hill) be said to be about eight times as powerful as black powder, 
dynamite (75 per cent nitro-glycerine) six times, and gun-cotton from four to six. 

Curtis and Harvey have recently produced in England a variety of gunpowder (known 
as E. S. M.), which, owing to its possessing the quality of quicker ignition, has been found 
(according to Andr6) to be susceptible of direct detonation, and has, on detonation, developed 
an enormous increase of force; greater than the relative amount found for gunpowder in 
Roux and Sarrau's experiments, and, in fact, little if at all inferior to dynamite, with a 
percentage of 75 parts of nitro-glycerine. (This would in a measure explain tlie force devel- 
oped by the dope of No. 2 dynamite, if the latter is considered to be detonated.) Now, this 
discussion leads directly to the conclusion so ably put by Andre, that the various explosive 
compounds^ according to their work in blasting, can clearly be divided into the two classes of, 

1. Slow or rending compounds. 

2. Quick or shattering compounds. 

A slow or rending compound is therefore distinctively one in which the transformation 
of the substance into gaseous form is slow, and where the explosive force is exerted by 
degrees as the gases are developed ; and these compounds arc the ones in which the greatest 
effect produced is not invariably at the exact point at which the explosive is located — i, e^ 
the gas being slowly evolved, will tend to concentrate its strength and act in the line of least 
resistance, and the pressure upon the containing body can in no part be greater than that 
which is exerted on the part which yields — i. e.y it can never be greater than the resistance 
of the least resistant part. This class of explosives is, of course, especially applicable in 
quarries, etc., where the material is required to be blasted in certain shape or in large blocks. 
Gunpowder is its prominent type. 

A quick or shattering compound is, on the other hand, one where the transformation 
of the substance into gas occurs practically instantaneously, and the full force of the 
enlarged volume is at once exerted in all directions and upon 'every part of the containing 
body, because motion requires time, and as no time is allowed for the less resistant part to 
yield, by moving away before the pressure of tlie fluid, it follows that the whole force of the 
latter must be exerted upon all alike ; the rock is therefore not only blown out in fragments 
to the full depth of the hole, but is violently strained and shattered in the immediate 
vicinity of the hole, even where the resistance is greatest; so we see that these shattering explo- 
sives are of course of especial value in tight headings driven through hard rocks. Of this 
class, nitro-glycerine is the distinctive type. 
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Between gnnpowder and nitro-glycerine as extremes, the other explosives in nse range 
according to tlicir .strength ; and wo must remember, in studying their practical application to . 
blasting, that, in choosing tlio best explosive for a particular piece of work, and in different 
parts of tlie same work, many circumstances must be taken into consideration : whether the 
material to be blasted is homogeneous in its character, whether it be a hard, soft, or loose rock, 
and whether time (as in most railroad-tunnels) is an essential element in the problem. In 
the same piece of work different explosives can generally be used to advantage, in the differ- 
ent workings, with economy of both time and money ; as in a tunnel, tlie heading often 
requires a quick, and the bottom a litling force. For this reason, it will not do to assume that 
one explosive is practically a better one than another, in the ratio in which it may be said to 
exceed it in power, ^o general comparison can be made or empirical rule laid down, but 
good judgment in this as in other engineering problems must bo exercised.* (See page 133.) 

« 

* Compa/rative Value of Mining Ea^lonvea, — ^London Iron of Oct. 29, 1880, says that the Joint Committee 
of the Royal Cornwall Polytechnic Society, the Miners' Association of Cornwall and Devon, and the Mining Insti- 
tute of Cornwall, appointed to inquire into the nature, economy, efficiency, and safety of the yarious explosiyes in 
use or proposed for use in the mines of Cornwall and Devon, issued a report showing : 

1. That they dealt with gunpowder of five different grades. 

2. Espir's explosive powder, a mixture of nitrate of soda 60, sulphur 14, sawdust 26 per cent. 
8. Qun-cotton. 

4. Tonite, said to be gun-cotton combined with nitrate of baryta. 

5. Titanite. 

6. Dynamite, two varieties, one nitro-glycerine 75 and Eieselguhr 25 per cent, and the other less nitro-glycerine 
and some charcoal and nitrates. 

7. Blasting gelatine, collodion cotton 7 to 10 parts, 00 to 98 per cent of pure nitio-glyoerine, nearly all the 
cotton being soluble in alcohoL 

8. Liverpool cotton-powder, a mixture of gun-cotton and nitrate of potash. 

The first trials were in the open quarry, a number of holes having been drilled, to give, as far as possible, 
similar conditions. Each competitor had three holes, and the value of the work done was estimated from the cost 
of the powder as a standard. Seven different kinds of explosives were used, including three kinds of powder 
(common, compressed, and special strong). The result showed that assuming the work done to be approximately 
proportionate to the depth of the holes, common powder was the cheapest — | penny per foot of hole, and dynamite 
the most costly — 8^ pence per foot. The second series of experiments consisted in driving levels not less than 7 
feet high and 4^ feet wide. Six kinds of explosives were tried— dynamite, Espir's, Liverpool cotton-powder, com- 
pressed and common powders, and tonite. Here the compressed powder took the lead, the total cost per foot run 
of level, being 5 shillings li pence (1 felhilling 1 penny for materials, and 4 shillings i penny for labor). The dyna- 
mite came out fourth, and the tonite was the most expensive. In reply to a number of questions, dynamite was 
declared to be the best in wet grounds, and the majority declared for the same explosive under most all circum- 
stances, except for very dry places, where powder was preferred. Nearly all agreed the fumes from dynamite were 
the most dangerous, and a considerable weight of opinion prevailed that powder was less dangerous to deal with 
than any other explosive. They said that there was always danger in using dynamite in fissured ground, as 
unbumt portions of the charge were blown into the fissures and exploded unexpectedly afterwards by the 
workmen. 

Recent experiments by (General Henry L. Abbot, IT. S. Engineers, on the comparative foroe of explosives when 
fired under water, has shown that nitro-glycerine, fired under water, is less effective than dynamite No. 1. This 
he attributes to the circumstance that as the resistance of water is of a slightly yielding character, a certain time is 
required to overcome this resistance, so that the mote powerful explosive, acting too suddenly, is less effective. 
This explanation, however, appears not to agree with the conclusions reached by the Austrian Technical Committee, 
who are said to have demonstrated that a dynamite containing 74 per cent, of nitro-glycerine, when fired with open 
charges, on the top of a rock, is more powerful than pure nitro-glycerine. (See Engineering and Mining Journal for 
July 29, 1882, vol. 34, p. 55.) (xeneral Abbot's researohes are of great value, and are given in No. 28 of the papers 
of the Corps of Engineers, U. S. A., 1881. The result of his tests with various explosives showed that their relative 
intensity of action, horizontally, when fired under umUr, was as follows, dynamite No. I, being 100 : 



Explosive gelatine 117 

Dualin Ill 

Hercules powder. No. 1 . 106 

Dynamite, No. 1 100 

Rend-rock 94 

Gun-cotton 87 



Dynamite, No. 2 83 

Mica powder, No. 1 88 

Herouies powder, No. 2 83 

Vulcan powder. No. 2 82 

Nitro-glycerine 81 

Brugere powder 81 



Vidcan powder, No. 1 78 

Electric powder, No. 1 60 

Designolle powder 68 

Electric powder, No. 2 62 

Mica powder, No. 2 62 



(See Engineering and Mining Joomal^ New York, June 17, 1882, vol. 88, p. 812, for an interesting abstract of 
General Abbot's condusbns.) 
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TABLE 18. 



List of Patents fob Explosive Compounds issued in the United States since the 

Intboduction of High Explosives. 



(The following notes are direct condensations of the patent specifications. The author is not to be held rei^xi« 
sible for or as indorsing any opinions, claims, etc., advanced, except those in the foot-notes.) 



ORIOXVAL PATIKTB. 



DATS. 



1866. 
October 24. 



1866. 
July 84.... 
August 14. 



BIR. 



60,617 



December 18 .. 
18.. 
18.. 



18.. 



66,690 

67,176 



60,667 
60,660 
60,572 



(MM»73 



BSUSUXS. 



2>ATS. 



1860. 
April 18.... 
" 18... 
" 18.... 
" 18..., 
1872. 
March 19. . , 
" 19.. 



II 
II 



19. 
19. 



19. .. 
1878. 
October 21.. 
21.. 
1874. 

March 17 

'* 17.... 



1867. 
April 2.... 
*• 2.... 

1860. 
Agril 18... 



18. 



1869. 
AprillS.... 

1876. 
Janoatyll.., 

1860. 
April 18 



mTM- 

BXB. 



8,877 
8,878 
8,870 
8,880 

4316 
4^16 

4,817 
4318 

4319 

5,620 
6,621 

6,798 
6300 



2,687 
2,588 

8381 
8,881 



8,874 
6,864 
8,875 



NAin OF PATXNTBJB. 



Alfred Nobel. 

U. S. Blastiiig Oil Co. 



<i 
II 
II 

(I 

II 

K 

tl 

11 



<l 

II 
II 

M 
II 

II 
«« 

II 



•I 

U 
l« 

II 
11 

•« 
l« 

il 



II 
il 

II 

<l 
l< 

«« 
II 

l< 



Atlantic Oiaot Powder Co. 

II II 14 II 



II 
II 



II 

II 



l< 

II 



11 
II 



Tal. P. Shaflner. 
Alfred Nobel. 

U. S. Blasttng Oil Co. 

II %l •! »i 



<: 
il 



II 
II 



14 
II 



11 
l( 



TaL P. Shaibier. 
II tl 



II 



II 



u 



M 



II M 

It M 

U •! 



NAXK AKD DSflCBIPTION OF XZFL08ITB. 

Nitro-glycerlne as a snbstltate for gnnpowder. 

Exploding nitro-glycerine 

Maoofacturine nitro-glyccrine. 
Use of nitroglycerine. 

Metliods of exploding nitro-glycerine. 

Other methods of explodhig nitro-glycerlne (exploders, 

etc.). 
Mannxactnro of nitro-glycerine. 
Patent especially claims combinations of nltro-glycetlne 

with gnnpowder and gnn-cotton. 
Mixtore of nitro-glycenne and rocket powder. ^ 

Methods of exploding nitro-glycerine (exploders, etc.). 
Other methods of exploding nitro-glycerlne. 

Exploding nitro-glyeerinc (process). 

" ^* (exploders, etc.). 

Paddng nitro-glycerine. 
Nitrine. 

(I 
Mannfactore of nitrine. 



11 

II 



II 
II 



i» 



Charging bombshells with nitro-glycerine. 

Electric f ases. 

Combination of blasts to be discharged sImnltaneoQsly 
by electricity, in snch manner as to SSect a oonjonctiTO 
fbrce of the respective durses. thereby increasing the 
disroption of matter bevond what can be obtained by 
separately discharging the said blasts.* 

Mixing nitro-glycerme with sand in the bore-hole, .«o as 
to distribute the force throaghont the hole. Also for 
placing charge of nitro-glycerine at bottom of hole 
with tamping chaige near top, space existing between 
the blasting and tamping charges. Also for column of 
water introduced into tbls space. 

Mixing nitro-glycerine with sand. 



II 



II 



It 



tt 



Tamping charge and bottom charge with vacant i^ace. 
Also vacant space Jilled by water-colnmn. 



* A patent for this identical system of blasting was issued to Moses 
Franklin Institute, PiiUadclphia, ()ctober, 1880 ; also Silliman's Journal, yoI 



Shaw, of New York, June 8d, 1880. See Joomal of the 
. xvi., p. 872. 
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ORIGINAL PATXNTS. 



DATS. 



186& 

April 7.... 



MaySS. 



Jane S8 

Septembers.... 



1869. 
January 19. 



February 9. 



March 13.. 

July 27.... 
August 17. 

u 17 
u 17 



•* 17 
•• 17 



NUM- 
BER. 



76,499 



78,817 



79,268 
81,894 



85,906 



80,701 



REISflURS. 



DATE. 



1873. 
October 21. 

1874. 
March 17. . 



NUM- 
BER. 



NAME or PATENTEE. 



5,619 
5,7^ 



September 14.. 
Novembers ... 



November 23. .. 
December 28... 



•• 28... 
" 28... 



28. . . 



1870. 
Janoary- 18. 



88,171 



93,118 
93,752 

88,768 



98,764 
98,755 



98,756 
98,757 



94347 
96,465 



97;mi 

96,882 



98,425 
96,426 



98,427 



98,854 



Geoxge M. Howbray. 



Alfred Nobel (aaaignor to 
Julias Bandmann). 

Giant Powder Co. 



K 



(I <l 



H. Jolius Smith. 
Joseph Hafenegger. 



Stephen Chester and Otto 
Borstenbender. 



Tal. P. Shaffner. 



William H. Jackson (as- 
signor to Upton et a/.) 



Georee M. Mowbray. 
Tal. P. Shaitner. 



4t 



• ( 



tl •» 

*« M 



(t il 



•t 



•( 



George M. Mowbray. 



H. Julias Smith. 
John Horscley. 



Tal. P. Shaffner. 



tl 



Carl Dittmar. 



NAME AND DESCRIPTION OF EXPLOSIVE. 



Manufactnre of nitro-clycerine. Current of compressed 
air forced tbroagh nuro-glycerine daring manunictare, 
enables operator to use nass vessels, converts hypoui- 
trous acid (deutoxlde of azote) contained in the mixed 
acids into nitric acid, and carries off remainder into aU 
mosphere ; acts mechanically in mixing ingredients. 

Dynamite. 



It 



ki 

Electric fhse. 

Varioos chlorate of potash powders. Also a " self-ignit- 
ing" liquid, consisting of one or two, more or less, parts 
of phosphorus dissolved in two parts of blsulpmae of 
carbon. 

Process for mannfactariii£[ nitro-glycerine. Use of car- 
bonic acid gas in the production of nitro-glycerine and 
" explosive fluids or mixtures ;*^ mixtures coolel by 
ebullition of compressed carl>onic acid gas and ingre- 
dients mixed under an atmosphere or carbonic add 
gas.* 

Packing or storing nitro-glycerine that has been treated 
with soda or alxall to remove excess of acid, in cold 
water ; presence of water claimed to remove excess of 
either alkali or acid. 

Oriental powder. Combination of c;unpowder or other 
explosive compoand with vegetable nbre. Tsn-bark, 
sawdust, or other vegetable fibre, satoratcd with soludon 
of a nitre or chlorine salt, is dried and mixed with gun- 
X>owder, etc. Bark which has been used by the tanner 
preferred, as operation of tanning has drawn from it 
salts, which might prerent it burning freely. 

Electric fuses. 

Selenitic powder. Mixture of nitro-glycerine with plas- 
ter-of-paris. 

Forifora powder. Nltxo-glycerine with sponge or vege- 
table fibre, and also mixture of the above compound 
with plaster-of-paris. 

Nitro-g^ccrine with pulvcriced red lead. Plaster-of- 
paris may also be added. 

Fuse made by applyinK to the lower end of an ordinary 
blasting fuse a Jacket or covering, made of some rapid 
explosive substance, this substance being intended, oy 
its ignidon, to spread the fire throng^out the whole 
chaige of gunpowder more quickly. 

Process for manafacturing nitro-glvcerine. 

Method of blasting by the interposition of non or partial 
explosive materials throaii'h the balk of a chiuge of 
explosive compound, in order to spread the action of 
the gases evolved by the explosive over a greater cubic 
space. 

Application of Intestine, membranaceous, or cntaneoua 
matter, for sacks or bags to be used as artillery or 
blasting cartridges. 

Compound styled " Mowbray^s Safety Priming for Elec- 
tric Fuees,*^ composed of, in parts, phosphorns 5, sul- 
phur 15. silver lUO, mercury 25, chlorate of potash 80. 
Claimea not to be so dancerons to handle as ftUnUnate 
of mercury per m, or when mixed with precipitated 
copper, and also claimed to be more sensitive than the 
latter. 

Electric fhse. 

Incorporation of nitro-glycerine with either a mixture of 
powdered Aleppo or other foreign gall-nuts, and clilo- 
rate of potash ; or with a mixture of powdered galls, 
charcoal, and chlorate of potash ; or ^vith a mix- 
ture of powdered galls, cream of tartar, and chlorate 
of potash; or with a mixture of galls, hard sngar, and 
chlorate of potash, so as to form a powerful olasting 
powder or explosive compound. 

Process for mannlhcturing nitro-glycerine. 

Process for preserving nitro-glycerine by absorbing it 
with sponge or other equivalent elastic porous sub- 
stance ; one pound of sponge may be mixed with live 
pounds of nitro-glycerine. 

Gun-cotton treated with nitro-glycerine, bv preference 
one pound nitro-glycerine to one pound or gun-cotton. 
Alao claims commnation of nltro-^ycerine with nitrated 
fibre. 

Dualin. A mixture of cellulose, nitro*cellnlose, nitro- 
starch, uitro-mannlte, and nitro-glycerine. Cellulose 
prepared by reducing wood of a sofb texture (for in- 
stance, pine or poplar to small grains resembling saw- 
dust, and treating them with diluted acids, and then 
boiling them in a solution of soda. 



* See paper also by Stephen Chester on *' Nitro-glycerine, its Manufltcture 
Engineers, June 2d, 18W. Published in the Transactions of the Society, vol. i. 



ond Use,*^ read before the American Society of Civil 
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ORIGINAL PATENTS. 



KBI8BUS8. 



DATK. 



1870. 

Janitary S5. 



" 85 

Juno 14 

AaKU0t28 

" 88 

December 20... 



1871. 
February 7. 



NUM- 
BER. 



DATE. 



HUM- 
BBR. 



99,000 



99.070 
104,817 . 
]06.GOGt 
100,007 1 



NAME or PATENTEE. 



NAME AND DESCRIPTION OP XZPLOSnrM. 



Carl DIttmar. 



t* 



«t 



110,1S56 



I 



111,648 



March 2t. . 

" 21... 

*• 21..., 
NovembiT 7 



, 118,948 
< 118,840 
• 118,R50 . 
180,770 



H. Julias Smith. 
George M. Mowbray. 



Joseph Hafeneg^r. 



«• 



Edw. A. L. Boberts. 



%k 



t( 



December 18. . . 181,898 
December SO... ' 188,^5 



1872. 
March 5. . . 



March 12. 



Jqdc 85.. 
August 6. 



I 



188,450 

130,123 

November 18. ; . 181,040 

1878. 
April 1 137,430 



184,397 



134,510 



H. Julius Smith. 
Edw. A. L. Roberts. 



•I 



4i 



Edwin Gomcx. 



Carl W. Volnev (assignor^ 
to Geo. M. Mowbray). 



Robert Punshon. 



«( 



May 13. 



May 90. 



1873. 
June 3. . . . 



137,440 
1.^,841 



1SU.198 



180,458 



John D. Moschamp. 

C. Feodor Fuchs ond 
Arminins Cleqient. 

Francis X. Lowallcc. 
Alex. Hamar. 



U It 

Treat S. Beach. 



\ 



Edw. A. L. Roberts. 



James Burson. 



Xyloglodlne. Consists of nitric and snlphurlc acids, and 
of glycerine-starch, or glycerlne-cellnloso, or glycerine- 
roannitc, or fflycerine-benzole, or analogous substances. 
Claimed to differ la certain characterlStlcj from nitro- 
glycerine. 

Process for manufacturing xyloglodine. 

Improvement in electric fuse-heads. 

Process for manufacturing nitro-glycerlne. 

Process for manuiacturing nltro.|^yc«lne, Dltro-bensoie, 
etc. 

Fatty or oily substances in intennixture with explosive 
compounds, to prevent spontaneous or premature ex- 

Slosion. luvention relates particularly to mixtures con- 
dning chlorate of potash or other highly explosive 
chemical ingredients, liable, when exposed to atmos- 
phere or friciiou, to produce premature explosion. 

Invention relates to certain diluents or ingredients to be 
mixed and incorporated with chlorate-of-potash powders. 
Four oxides are used, but one or more can bo dispensed 
with; oxides of lead and maneanese preferred. Claimed 
that these mineral oxides, by the supply of oxygen 
they give olT when heated, promote and greatly enhance 
the force of the chlorate-oi-potasli compounds. Should 
be dilated with fatty, oily, or resinous substaneesto 
give safe handling. 

Process for manufacturing nitro-glycerine. 



•t 



It 



Electric fuses. 

AsbestuB powder. Combination of nltro-g^ycerine with 
asl>cstus as an absorbent. Other kinds or powder, if 
of sufficient permanence, may also l>e ndxed with the 
compound, or with asl>estus alone, such as common 
gtmpowdcr, white gunpowder, nitro-^^ellulose, etc. 
For part of the asbestus, clay, plaster, infusorial silica, 
challc, etc., may be Kubstitutcd. 

Process for manufiicturing nitro-glycerine. 

Explosive compound composed of^ sugar of lead (acetato 
of lead), prussiate of potish, and chlorate of potash. 
Invention claimed to bo o modlflcation and Improve- 
ment upon Letters Patent No. 18,199--chlorate of pot- 
ash, nitrate of lead, and fcrrocyonidc of potash ; and 
Letters Patent No. 86,060 — chlorate of potash, sugar of 
lead, prussiate of potasli, and nitrate of iron. 

NItro-toluol compound. Explosive consisting of nitro- 
glycerine and nltro-tolnol or nitro-benzole. Mitro-toluol 
manufactured similarly to nitro-glycerine, but with the 
substitution of commercial lienzoie for glycerine. The 
final explosive compound composed of three parts 
nitro-toluol, dissolved in seven parts nitro-glycerine. 

Invention consists in coating, covering, or incorporating 
t|ie particles or fibres of gun-cotton with sugar, either 
raw or refined, in such a manner as to separate or 
isolate the particles or fibres of the gun-cotton. This 
invention has for its object to regulate the rapidity of 
the explosion of gun-cotton, ao as to render It suits* 
ble for use in guns for military and sporting purposes. 

Explosive compound. Wood fibre treated with nitrous or 
nitric acid and sulphuric acid. 

Explosive compound consisting of a mixtura of chlorate 
of polossa and finely grouna tortoise or turtle shell, in 
addition to saltpetre, sulphur, and charcoal. 

Instrument for charging drill-holes. 

Improvement In cans for transporting nitro-glycerine. A 
can provided with a discharge-nozzle, and with a vent- 
tube Imvlmg one or more ftinnel-shaped diaphragms for 
the escape of gves created within tne can. 

Process for manufacturing nitro-glycerine. 

Rend-rock. Explosive compound made by combining 
one or mora of the following substances : First, an al- 
kaline nitrate or some salt which will prodnce snbstan- 
tially the Slime result ; second, nitro-glycerine or some 
of the equivalent nitro-substitntlon products : third, 
wood-fibro or other material containing ceilnlcsc ; 
fourth, parafllne or equivalent wax-like material, such 
as asphaltum, pitch, resin, spermaceti, wax, and the 
like. Pro|>ortioos suggested are, nitrate of potash 40 
parts, nitro-glycerine 40. wood-fibro 13, parafflne 7. 
Pitch may be substituted for the paraflnc ; use of small 
quantities of sulphur and charcool advised. 

Process for so treating detonating compounds as to render 
them comparatively safe to tiandle, by mixing them 
with water or other fiuida, or hydroscopic and other 
salts or materials which attract or absorb and retain 
water. 

Apparatus for submarine blasthig. Object of invention is 
to provide a temporary cap or cover of large dimensions 
for the cluirge to be exploded— this cap is intended 
to be submerged by its weight, and to maintain and 
direct the charge of powder or other explosive against 
the rock. 
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1674. 
January 20. . . . 



March 10 
Mays .. 

July 14.. 



145,408 



146,580 



148,838 
150,488 



168,086 



1874. 
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( 



Sgbert Judflon, assignor 
to the Giant Powder 
Co. and to the Atlantic 
Giant Powder Co. 



Tal. P. Shaifner. 
Thomas Vamey. 



Alfred Nobel. 



5,750 



Johann H. Norrbin and 
Johann Ohieson, BaeXrc.' • 
ors to Alarik LleidbccK. 



Carl Dlttmar. 



Walter N. Hill. 



Thomas Vamey. 
George M. Mowbray. 



Charles "U Kalmbach. 



'NAXK AKD SSSCBIPTIOSr OT EZFLOBIYX. 



Giant Powder No. 8. 40 iiarts by weight of nitrate of 
soda, 6 parts by weight of rosin. 6 parts by weight of 
sulphur, 8 parts by weight of Infusorial earth, or 
other analogous absorbent substances. These Ingredi- 
ents dried, separately pulverized, and then intimately 
mbced— to this mixture 40 parts nitro-glycerine added. 
Instead of nitrate of soda, other nitrates, such as nitrate 
of baryta, nitrate of lead, or nitrate of potash, may be 
used ; also. In place of rosin, other carbons and hydro- 
carbons, such as bitaminons coal, coke, charcoal, flour, 
starch, sugar, lignite, wood, and aaphaltum. Absorbent 
preferred is infhsorial earth. Proportion of nitro- 
glycerine may vary from 10 per cent by weight of tho 
mass up to largest percentage that the dry mixture will 
permanently retain. Claimed that the mixture is more 
powerful tlian a mere mixture of the same amount of 
nitro-gtycerine with infusorial earth, owing to the 
presence of the nitrate, carbon, and sulphur. (See 
p. T8.) 

Combination of gun-cotton or other nitrated fibrous sub- 
stances with nitrated water or liquids, or parafflnc, or 
beeswax or its equivalent. 

Process for so preparing dynamite that it can be exploded 
when frozen. Dynamite frozen in solid cakes cannot 
be exploded without great difficulty, but claimed that 
frozen dynamite prepared in small grains by a suitable 
process (as described) can be exploded with a percus- 
sion-cap containing about three times the ordinary 
quantity of fulminate. 

Giant Powder No. 8. Mixture with nitro-glycerine of a 

Enlverized nitrate (such aa the nitrates of soda, potaah, 
arvta, or lead) and a pulverized carbon or hydro- 
carbon, such as coal, resin, sugar, starch, etc., with or 
without the addition of pulverized sulphur. Following 
proportions may serve as a typo from which variations 
can be made according to strength of explosive re- 
quired and warmth of climate iu which it is to be 
used : By weight in parts. 70 nitrate of soda, 10 pulver- 
ized resin, iiO nitro-glycerine. To these may be added 
from 5 to 10 flour of sulphur. Instead of nitrate of 
soda, either of the nitrates of potash, barvta, or lead 
may be employed, and instead of resin, other carbons 
and hydrocarbons, as coal, sugar, starcn, wood, char- 
coal, etc. 

Explotfive compound. Nitrate and nitrite of ammonia 
mixed with a fulminate such as nitro-glycerine, nitro- 
mannitc, or picrate of potash. Nitro-glycerine pre- 
ferred with nitrate of ammonia. Best composition 
claimed to be by weight in parts, 80 nitrate of ammonia, 
with 6 to 8 coal, then add 10 to 80 parts nitro-glycerine 
(more or less, according as increased power and quick- 
ened detonation Ibay be desired).' 

Titan. Preparation of vegetable fibre for manufacture of 
explosive compounds. Fibre reduced to j>ulp, com- 
pressed, then granulated and treated with acid or acids 
for rendering it explosive. Also vegetable fibre pre- 
pared witli a solution of sugar, or mannlte, or amyllne, 
or inuline, of other substances, as by process described, 
then rendered explosive by nitric acid. 

Titan. 

A blasting powder or dynamite, composed of a mixture of 
nitro-glycerine and a silicious powder, the latter being 
prepared by precipitation from a solution of silicates. 

Electric fuse. 

Mica Powder. A combination of nitro-glycerine with 
finely-divided mica or muscovy talc, without confining 
the invention to any specific proportion of the materials. 
(See p. 88J 

Fulgurite. Nitro-glycerine mixed with some coarsely 
^und farinaceous substance, corn-meal by preference, 
in varying proportions. Perhaps most serviceable pro- 
ix>rtion is 4 parts corn-meal to 6 of nitro-glycerine, but 
It is found convenient sometimes to use but 1 part 
corn-meal to 9 of nitro-glycerine, when it is wanted 
thin enough to pour. Ctauned that, being nearly pure 
starch, largo yolumeof gas vlclded when heat of explo- 
sion acts on compouna, thus nitro-glycerine sensibly 
assisted.* Also patent claims a method of packing nitro- 
glycerine at ordinary temperatures and In a fluid state, 
for shipment in non-metallic yessels, closed if need be. 
but holding with the nitro-glycerine at least an e<iuai 
amount in bulk of atmospheric air ; also ptowing nitro- 
glycerine when not in transit in perpendicular or flaring- 
siaed open vessels of similar material, and covering on^ 
with a thin film of water. The kind of vessels preierred 
being well-|Hktzed earthenware vessels, called crocks in 
the trade. Patent asserts distinctly that nitro-glycerine 
when transported frozen Is peculiarly liable to explo^ve 
compression ; also that it snould never be kept or car- 
ried in thin metallic cans— tin for instance. 



* If the carbon here adds strength, it is not in the sense of a true explosive dope (sec p. 78), for there is no free oxygen present except 
the slight excess in nitro-glycerine to combine with ^t 



J 



AMERICAN PATENTS, 



103 



ORIGINAL PATSNTfl. 



DATE. 



KUM' 
SER. 



BEISSUS8. 



DATE. 



1874. 
November ir. . . 



15r,0C4 



NUX- 
BEB. 



NAME or PATBHTEE. 



u 



SB%.» • • 



December 15... 



13... 



Pebniar}'23.... 



Juue 8. 
•• 8. 



t( 



157,148 



157,856 



157^7 
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41 



<« 
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187,506 
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April 18.. 



Edward Greene. 



Prudencio Castellanos. 



•I 



r,068 



CI 



Ci 



Herrenstein Conrteille, as- 
signor by mesne assign- 
ment to the Triumph 
Safety Powder Co., of 
Baltimore, Md. 



Herrenstein ConrteOIe. 



HAKE AND DX8CKIPTI02V Or EZFUMIVE. 



Hercules Powder. Explosive compound composed of car- 
bonate of magnesia, nitrate of potash, chlorate of 
potash, sugar, and nitro-glycerine. Ingredients mixed 
about as follows : 

OBADE NO. 1. PARTS. 

Carbonate of Magnesia I8D*86 

Nitrate of Potash g-io 

Chlorateof Potash 1-06 

White Sugar I-OO 

Nitro-glycerine 75-00 

10000 

(BABB MOk 2. PABTt. 

Owbonate of Magnesia 10-00 

Nitrate of Potash 8100 

Chlorate of Potash 8-84 

Sugar 15-66 

Nitro-glycerine 40-00 

100 00 

Volney's Powder. Explosive compound composed of 
nitrated naphthaline mixed with an oxidizing agent, the 
nitrated naphthaline being obtained by the action of 
nitric acid upon napbthaline. 

Fulminating compound composed of the ingredients, 
chlorate of potash, charcoal, and red phosphorus, to be 
used in caps, primers, and cartridges. Following pro- 
portions found to be reliable ana safe : chlorate of 
potash 80 parts, charcoal 85, red phosphorus 4M- 

Fulminating compound for caps, primers, and cardidges, 
composed of chlorate of potash, pruasiate of potash, 
and red phosphorus. Following proportions used : 
chlorate of potash 20 parts, prus^te of potash 10, red 
phosphorus 1. 

Process for manufacturing gunpowder. Distinctive feat- 
ure is in method of incorporating the ingredients, con- 
sisting in dissolving the saltpetre or nitrate of soda in 
hot water, and mixlns the other ingredients with the 
heated solution, etc., wis being done in a vacuum or 
partial vacuum. 

Apparatus for recovering acids from the residuum of 
nitro-glycerine manufactured. 

Explosive compound, consisting of nitro-glycerine, nltro- 
benzole or beiuBine,librou8 materia],and pnlvcrixed earth. 
Claims tliat addition of the nitro-benzole gives the nitro- 
glycerine property of bumins; easilv and rapidly without 
esqplosion ; also that nitro-beiuBole reduces somewhat 
the point of congelation of the nitro-glycerine. 

Explosive compound or powder, consisting of nitro- 
l^yoerine, nitrate of potash or soda, picrate, snlphnr, a 
salt insoluble and incombustible In nltro-^yoctlne, and 
carbon. The incombustible salts used maybe silicates 
of cine, magnesia, and lime, oxalate of lime, carbonate 
of zinc, etc.— the soluble and explosive salts used are 
aU the mineral and organic picrates— also addition of 
proportions of potash, carbon, sulphur, etc., found 
useful— taking care, however, not to use sulphur and 
chlorate of potash In any one compound. Object of the 
incombustible salt is, by mixing with it, to render the 
nitroglycerine inert and safe ; the explosive salts are 
mixed: with this inert compound, and their office is to 
so permeate and occupy every part of it that when the 
charge is ignited by a detonator, a complete and sus- 
tained comoustion of the whole mass may take place, 
resulting in its total explosion. The following proportion 
of parts is BugBiestea: nltro-glycerino 40, nitrate of 
potash or soda 2\ a picrate 10, sulphur 5, a salt insoluble 
and incombustible in nitro-glycerine, as described, 10, 
carbon 10. Total, 100. 

Safety Powder. Essential principle of invention consists 
in mixing a comparatively large volume of the elements 
of common gunpowder with a small volume of such 
other elements as will, under the proper conditions, com- 
bine with the nitrogen, oxygen, and sulphur of the gun- 
powder to form nitro-fflycerine or the equivalent thereof, 
the nitro-glycerine elements remaining chemically on- 
combined as nitro-gl vcerine until the mixture is explod- 
ed in a close chamber or under pressure.* Following 
proportions of ingredients have proved best : For manu- 
lacturing 100 pounds— nitrate of soda or saltpetre 00 
to 70, sulphur 10 to 12, charcoal 7 to 10, peat and 
hard coal 9 to 12, combined metallic sulphates 2 to 4, 
and oleaginous matter, animal or vegetable, refined or 
crude, 1 to 2. Tar in any form will answer the purpose 
of such oily matter. 

Safety Powder. 



* Wliether this claim is substantiated in practice, the author cannot say from experience ; but, theoretically, it would appear hardJif 
possible that nitro-glycerine could be formed as proposed in this patent 
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NAm AND DESCBIPTION Or XZFL08IYX. 



Gelatinated nltro-glrcerine. Prepared by dissolving in 
nitro-glycerine, when gently heated, nitrated fibre, each 
as gun-cotton, or collodion cotton, or other substance 
serving the same purpose, object being to convert the 
liquid nitro-glycenne to a solid or semi-solid consistency 
more condocive to safety and offering greater facility 
for use. 

Nitro-dvcerine compound, of several grades. Most pow- 
erful Kind— in parts: nitro-glycerine 75, nitre 5, nature- 
decayed wood 20. Powder of lew power as follows — in 
parts : nitro-glycerine 80. nitre 60, nature-decayed wood 
90. Another class— in parts: uitrchglycerine 80, common 
blasting powder 60. nature-decayed wood 10. 

Explosive compound, consisting of, in narts, nitrate of 
potash 20, chlorate of potash 80, celluiosa 10, pea-meal 
10, sawdast 10, nltroline 80. 

Celluiosa is made by mixing 20 parts nitric acid, 1-50 
specific weight, with 40 parts sulphuric acid, 1-845 
specific weight, left for 48 hours, then 12 parts well- 
ground pea-meal added, stirred until temperature has 
rallen 6* Fahr. from that at which it stood when pea- 
meal added. Left standing t^o hours, then poured Into 
vessel containing five times its weight of water and left 
ten minatcs ; then water poured off and fresh supply 
impregnated with soda poured on while compound is 
stirred. Left standing until celluiosa sinks, water 
drained off, celluiosa placed in room vtKih temperature 
68** Fahr., where it is kept and stirred for 12 hours, 
then ready for use. Nitroline made as follows : 80 parts 
nitric acid, 1«5 specific weight, mixed with lit) parts 
sulphuric acid, 1-815 specific weight Mixture left 
standing until temperature has fallen 10" PVihr., then 15 
parts raw stearic oil and 15 parts syrup slowly dropped 
Into the acids, which are kept stirred. Time for this 

Srocess is about six hours, then left standing four hours, 
nring which raw nitroline will rim to surfhce ; skimmed, 
deposited in vessel containing water at least five times 
weight of compound, left two or three minutes ; there- 
after charged with fresh water, then water containing 10 
per cent soda and four times weight of compound is 
poured on under continual stirring. Left standing short 
time, when nltroline is taken out and placed in a room 
with a temperature of 40<* Fahr., and it is ready for use. 
The compound is exploded as follows : chaige is de- 
posited in a paper cover by the aid of a piece of wood 
conicaliy shaped. The cartridge is placed in a hole 
bored in the rock, pushed well down to the bottom, cov- 
ered with half an inch of powder, in which a fuse is in- 
serted. Then covered with clay or sand, the fuse is 
limited, and when the fire reaches the powder the explo- 
sion follows. 
Judeon Powder. This explosive is a mixture of nitro- 
glycerine with various explosive salts, but it differs 
from those previously made in that the grains or parti 
cles of the absorbent are coated, cemented, varnished, 
or smeared with some combustible substance offering 
resistance to the absorption of nitro-glycerine and of 
water. The object of this coating is to save and render 
effective that proportion of nltro-rfyccrine which, with 
ordinary **dry^' (so-called) absorbent mixtures, is so 
closely absorl>ed and taken up that it is rendered practi- 
cally incxplosive. The result of using such a coating 
has been fonnd to be, that the proportion of nitro- 
glycerine used in the compound may be much lower, 
that in fact one, two, or three per cent only of nitro- 
glycerine will give a powerful explosive compound ; or 
the proportion may bo increased at pleasure up to 15 per 
cent ^T more. On the other hand, it is known that with 
the ordinary "dry" absorbents, containing explosive 
salts, seldom less tnan 15 per cent of nitro-glycerine is 
found effective, and in fact from 80 to 40 per cent are 
generally used. The following is an example of such a 
coated or varnished absorbent, in parts, by weight : sul- 
phur 15, resin 8, a.sphalt 2, nitrate of soda 70, anthracite 
coal 10. Let the sulphur, resin, and asphalt be melted 
together and well stirred. Into this mixture while 
melted the nitrate of soda and the coal, both pulverized 
and thoroughly dried, are to be mixed and well stirred 
until thoroughly varnished, cemented, or coated by the 
melted mixture, care being used that the degree of heat 
be not sufficient to create danger of firing the mass. It 
is better that both nitrate ana cool should be hot when 
introduced. The entire mixture should thereafter be 
gently stirred until so cool that the grains would cease 
to adhere to each other. The mixture is then complete 
and ready to receive the nitro-glycerine, which may be 
added as desired. 



AMERICAN PATENTS. 



105 



OBIOINAL PATENTS. 



DATK. 



November 7. . . . 



1877. 
February 6. 



March 6. 



II 



27. 



Hay 29. 



November 90. . . 



1878. 
Febmary 12. . . . 



NUX- 
BEB. 



184,080 



187,165 



188,134 



188,794 



190,054 



197,«67 



200,272 



REISSUSfl. 



DATE. 



NUM- 
BER. 



NAME or PATENTEE. 



Joseph 
Toch. 



Paul Baymond 



S. J. Hackle, Camille A., 
Faaro, and O. Freuch.. 



J. Goetz 



J. Qoetx 



Otto Barstcnbender. 



Sanf ord O. Gotham 



S. " Fowler 
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The ingredients which form the coating. Tarnish, or 
cement may be applied without first melting them. To 
do this, first grind each of the nuiterlals of the dry- 
mixture. Then, leaving out the carbon, mix the others 
all together, and nroceed to heat than well, all the time 
sllrrin?, and continue until the whole is thoroughly var- 
nished, cemented, or coated. While the mmure is 
cooling, the stirring must be carcfullv continued nntU 
the grains cease to adhere to each otncr ; then add the 
pulverized carbon, which must be perfectly dry. mix 
well, iind afterward put in the nitro-glycerfnc. When 
carbon is used that is not porous or aosorbent, it is not 
necessary that it should be vami^cd, cemented, or 
coated. In that case, it may only be necessary to var- 
nish, cement, or coat the nitrate of the mixture. 

While this mixture above described may not be en- 
tire! v non-absorbent after it has been tieated by the 
coating process, it is claimed to be suflSciently so as to 
malniv counteract the absorption of the nitro-glycerine, 
as well as to check the tendeocv to deliquescence In the 
original salts themselves. It snould be understood that 
the term ** non-absorbent " above used is simply em- 
ploved in contradistinction to the ordinary class of ab- 
sorbents of this nature which are not coated. 

Same re-issued January 80, 1877. No. 7,481. 

Slowly exploding compound of. by weight : spent tan 8 
parts, wood sawdust 6, nitrate of wAa 8, nitrate of 
baryta 8, charcoal 8, sulphur 12, saltpetre 68. Claimed 
that compound is difllcult to explode by concussion, 
and that the nitrate of baryta utilizes the sulphurous 
compounds. 

Mixture of fine1y-di%ided nitro-celluloee 25 parts, nitrate 
of baryta 18.6 parts, and nitrate of potassa 6.5 parts. 
Nitro-cellnlose should be reduced to an impalpable 

f»owder. 
xture of an explosive base with glucose, uncrystalliz- 
able sugar, or syrupy solution, to prevent premature or 
accidental discliarges. Proportion may be : 10 parts 
chlorate potash, 10 parts glucose in solution, 8 parts 
powdered charcoal, 2 parts powdered sulphur, 1 part 
amorphous phosphorus, 8 parts picrate leaa. 

The glucosldes, in form of molasses, syrup of glucose, or 
solution of grape sugar, are mixed with compounds of 
gas-producing or explosive substances, especially with 
chlorate of potash in connection with any combustible 
substances. Preferable constituents are : clilorate of 
potash 10, solution of glucose 10, powdered charcoal 8, 
powdered sulphur 2, amorphous phosphorus 1, picrate of 
lead 8. Claimed that compound will stand all ordinary 
shocks, handling, and transportation, without danger of 
premature exploding. Bums with a bright light when 
unconftned. 

Prepared by inspissating vegetable substances with gIyco> 
cole (C<H<NO*+H), or cnondrln and saltpeter, tnen 
soakins in nitro-glycerine, granulating and drying. 
Vegetable substances adapted are, cellulose, pitli of 
plants and trees, pulp of fnilts, fungi, vegetable excres- 
cences, punk, and other soft, spong}', clastic vegetable 
substances. Such substances are dried, pulverized, 
then Inspissated with ^ycocolo or chondrin and salt- 
peter, and mixed with 90 to 60 per cent nitro-glyceiine. 
Claimed to show tendency to coagulate, and is easily 
granulated through sieves and dried. Claimed, when 
dry, heal does not aflect the combined nliro-glycerine ; 
that grains will not freeze together at temperature 
below zero, nor fiow together or exude nitro-glycerine 
at 200°, and that this is due to glvcocole or chondrin 
present, nnd that combustion is slower than in dyna- 
mite, and better adapted for rending power. 

Compound prepared of chlorate potash 10 ounces, nitrate 
potash 2 ounces, powdered oak oark 5 ounces, 17 ounces 
of above compound incorporated with £0 to 85 per cent 
nitro-glycerine free from acid, and then sifted through 
fine sieve. 

Object of patent to prepare combination of nitrate of am- 
monia in which latter does not deliquesce, and at low 
cost. First compound prepared of 75 parts nitrate am- 
monia with 25 parts non-hydrated sulphate soda, by 
double decomposition of sulphate ammonia and nitrate 
soda, and by process described at length in patent, fix- 
plosive compound preferred is prepared by mixing 75 
parts of above compound with 20 parts nitro-glycerine 
and 5 parts charcoal or its equivalent. Compound may 
also be prepared by using gun-cotton or nitro-methyl, 
instead of nitro-glycerine. 
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Junes .. 

AoguBt 19 



October 7 



December 9 



18^. 
April 97. . . 



915,199 



915,895 
916,187 



918,769 



990,804 



999,109 



996,867 



May 11 997,601 



August 8. 



980,890 



DATS. 



NUM- 
BER. 



NAMK OP PATBMTB1I. 



William Oniham and Em- 
ery Ward 



Edward Monakay. 



NAXK AND DKSCRIPTION 07 BZPLOBIYB. 



Philip M. Oallahcr, Wil- 
let Xiloyd, and Qeorse S. 
Walker 



Wesley Miller. 



Adolf Dicckerhoff 



1880. 
April 87... 



9,178 



JohnPattiflon. 



Edward J. Williams. 



Alfred Mounier . 
Frederick Mann 



Robert J. Warren. 



William S. Roeecrans. 



John R. Powell 
GuBtavBloem.. 

Alfred Monnier 



Compound of 16 ounces yeHow pruseiate potash, 40 onnoes 
chlorate potash, 90 ounces white sugar, 1^ onnces red 
lead. Pulverize ingredients before using, and add first 
the red lesd, either of the potash salts ; then add other 
potash rait and the white sugar. Claimed that red lead 
obviates danger of premature explosion. Also makes 
combustion slower, and can be used when wet and 
doughy. 

Equal parts mixed of ashes, lamp-black, earth, nitrate 
soda, and borax, and to every pound of this mixture 
add half a i^ll kerosene oil. To this add nitro-glvcexine 
in quantitv according to strength of explosive oeeired. 
Claimed that fluid hydrocarbon diluent so dilutes and 
modifies nitro-glycerine as to obviate accidents bef(»« 
required for use, and when compound exploded, this 
diluent converted into an explosive vapor contribuUng 
to effectiveness of compound. 

Mixture preferred is 70 to 80 parts nitrate soda or potash, 
6 to 19 parts sulphur, 8 to 16 parts charcoal, 1 to 8 parts 
sulphate iron, jtf to 1 part sulphate copper, 8 to 14 parts 
ground bark. CUimcd less dangerous than cndinary 
blasting powders ; also not ignited by friction or con- 
cussion. 

85 parts nitrate soda, 85 parts nitrate potash, 8 parts 
starch, are mixed, forming compound No. 1 ; 8 parts 
bichromate potash, 18 parts sulphur, 18 parts charcoal, 
mixed, form compound No. 8. (These ingredients sep- 
araiely ground to fine powder.) Blasting powder is 
composed of 18 parts No. 1 mixea with 7 pain No. 9 la 
two complementary parts or divisions, which are harm- 
less when separated and explosive when mixed. 

Object of invention to increase explosive strength of gun- 
powder without increasing its liaoility to accidental ignl- 
tlon. Consists in mixing i;unpowder with small propor- 
tion (not over 15 per cent) of precipitated alkaline picrate 
or picratea. Proportions are : 100 parts of weight of 
compound contain 1 to 15 parts picrate precipitate, 
and 85 to 09 parts gunpowder. Regards mixture of 
nitrate with sulphur and picrate in above general 
proportions, without ciiarcoal, as practically equivsr 
lent to above, as experience has shown charcoal not 
essential to the compound. 

Safetv Squib for blastuig with gunpowder in coal. 

Blasting Fuse. Detonating primer in whicl\ an enter cap 
or shell, charged with ralminating compound, is com- 
bined with an inner cap having bole at inner or closed 
end, and fuse fitted into inner cap. 

Explosive compound of 71 parts chlorate potash. 16 parts 
sugar, 6 parts ground charcoal, 7 parts coal tar. Chlo- 
rate potash is olssolved in 850 parts water, and substances 
nound and mixed in apparatus described. Claimed 
that by wet process danger avoided in manufacture. 
(Re-issued April 87, 1880rNo. 9,178.) 

Mixture of chlorate of potash explosives with gKa«y 
vegetable fionr or meal, to lessen lubility to explode and 
yet allow the powder to remain granular. 

Following substances finely pulverized by pressing 
through No. 80 sieve : 8 pounds chlorate potash, 1 pound 
prassiate potash, two ounces bichromste potash, 6 
ounces nut-galls, 9 ounces cannel-coal, 6 ounces starch, 
also 5 ounces crude coal-oil. 

See No. 918.789. August 19, 1879, above. In re-isfue, de- 
scriptions fuller and no proportions noted. 

Improvement In manufacture of nitro-glycerine by sub- 
jecting the ordinary mixture of acids and givccnne to 
freezing temperature. Nitro-irlyccrine is frozen or 
crystallized out, and separated in centrifugal machine. 
Freezing aided by adding first time a teaspoonful of 
previously frozen nitro-^ycerine. Frozen nitro-gly- 
cerine then liquefied, washed in cold water and purified 
from acid by repeated washings, and lastly in weak and 
cold alkaline solution. 

Add 1 part nitro-cellnloee (either mononitro, dinitro, or 
trinitro) to 10 parts nitro-glycerine, producing coagu- 
lated mass. Allow to stand until nitro-cellulose all dis- 
solved without heat. Then mix in carefully pulverized 
trinitro-cellulose until mass brought to consistency of 
dry powder. Then add pressed and glazed gunpowder. 
Proportion latter depends on character of compound re- 
quired. If much, explosion will be slow ; if little, then 
its chief function will be to promote explosion of com- 

Sound, and properties of other components will pre> 
ominate. 70 gunpowder to 80 of above, gives a blast* 
ins powder. (Jne of the main objects of compound ia 
tokeep the added gunpowder dry. 
Exploder. 
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OBIOXNAL PATSNTS. 



DATS. 



1880. 
September 21 



«t 



November 16. . . 



December 88... 



1881. 
January 18 

March 15. . 

April 26... 

MnylO.... 
" 24".... 



June 14. 



28. 



It 



JnlT 19. 



NoTember 16. 



i( 



15... 



December 2C. . , 



NUM- 
BER. 



282,381 



282,640 



284,489 



285,871 



286,n4 



238,916 



240,516 



241,168 
241,941 



242,788 



248,482 



248,483 



244,075 



249,490 



249,701 



251,145 



RXUSnXB. 



DATS. 



NUM- 
BER. 



NAME or rATKNTBE. 



Max Tschimer. 



NAME AND DEBCRIPTXON OF EZPL08ITE. 



Robert F. L. Hallock 



CharleA A. Morse. 



William Heick, assignor by 
mesne assignment to the 
Thunder Powder Co 



Charles A. Morse 



Fredericlc C. Eeil, assif.nor 
by mesne assignment to 
tne Thander Powder Co. 



Lafayette Hinckley, Fran- 
cis C. Troadwell, admin- 
istratrix of said Hinck- 
ley deceased 

Tme P. Sleeper 

Gilbert S. Dean 



John M. Lewln 



Silss R. Divine, assignor to 
Rend Rock Powder Co. . . 



Silas R. Divine, assignor to 
Rend Rock Powder Co . . . 



Camllle A. Fanre and 
George French, nssign- 
OTs to the Cotton Powder 
Co. (limited) of W«>st- 
minster, England 

Carl W. Volney, assignor to 
the Volney Chemical Co.. 



Thomas Yamey. 



Gnstav Ton Planite, assign- 
or to the Nitresine Manu- 
fiictoilng Co 



57 parts picric acid and 48 parts chlorate potash separately 
triturated, then well incorporated togetner with addition 
of 5 per cent pulverized rosin. Sprinkle product with 
sulBcfent quantity benzine, kerosene oil, or other fluid to 
moisten it, and which will dissolve the rosin and jmu^s 
off Quickly while mass is stirred, which should be sept 
up till benzine is evaporated and compound becomes a 
plastic mass, easily moulded. 

New system of blasting with making drill-hole to receive 
cliaxge. Explosive is placed on a surface of rock, and 
water inclosed in a water-proof bas laid over it. Claimed 
the bag of water exerts effect of water in submarine 
blasting, causing effect of blast to be exerted downwards. 
Claimed bursting of water-bag allays and condenses 
powder fumes. 

Nftro-glycerine and rosin dissolved in a common solvent. 
Solvent then evaporated or eliminated, giving explosive 
compound of nltro-glycerinc and resinous or eouivalent 
substance formed into a hard, dry, solid, granulated, or 
pulverized mass. 

Honey and glycerine, treated with nitiic and sulphuric 
acid. This compounded with chlorate of potash, nitrate 
of potash, prepared sawdust and prepared chalk, in 
two proportions giving No. 1 and No. 2. 

Nitro-glycerine and a resinous substance, dissolved In ■ 
common solvent : then mixed intimately with nitre or 
other oxidizing substance, and solvent then evaporated ; 
residue granulated. 

NItro-glucose (dcxtro-zlucose made from starch) subjected 
to certain treatment, and compounded with nitrate of 
potash, chlorate of potash, and prepared vegeuble 
fibre. 

Method of rendering nitro-glycerlne and its compounds 
non-explosive by ordinary shocks, by confining It in 
closed vessels, tubes, cartridges or shells under pressure. 

Compound of chlorate of potash, sugar and charcoal. 

Method for Increasing safety In handllne or transporting 
nitro-fflycerine, consisting In mixing it with a pulveru- 
lent mtro-compound and water. Preferred proportions 
are 100 parts nltro-glycerine, 10 parts pulverulent nitro- 
cellulose or nitro-<!kxtrine, and from 2 to 8 parts water, 
stirred together, forming pasty mass, ready to be In- 
serted Into blasUnff-cartndzes. 

Pasty mass, comprising cellulose and nitre. Incorporated 
with nltro-glycerine, and being a plastic, gelatinized, 
nitro-glycenne compound. comprit'Ing in combinatlou 
with nitro-glycerine an Inexploslve gelatinizing ma< 
terial and an oxidating salt. 

Solid ineredient, such as chlorate of potash, and a liquid 
ineredient. such as nitro-benzole, mechanically united 
suDstantlally In proportion of 8 to 4X parts roud Ingre- 
dient to 1 part of liquid ingredient. 

Improvement in blasting, consisting In ealurating inex- 
ploslve solid Ineredienc (such as chlorate of potash) de- 
posited in cylindrical cartridges with poron» envelopes, 
with a liquid Ingredient before placing cartridge In 
drill-hole. Also patent for improved blasting cartridge 
of porous material, containing solid substance, which 
is saturated with ■ liquid, such as nitro-benzole. 

Intimately mixed carbonaceous and oxidizing materials, 
in granular form, with finely -divided nitro-cellulose, dls- 
trlbntcd around the granules. Detonation of the nitro- 
cellulose throuffh the mass gi\'es Its explosive effect, at 
the same time Igniting the mass of granules. 

Mixture of monochloralnltrln nr chlorpropenyldinitrate 
with nitrates and chloratesof potassinm,sodInm, barium, 
or other alkaline metals, snd vegetable fibre or charcoal. 
(Concentrated glycerine Is saturated with hydrochloric 
acid gas, giving propenylchlorhydrate or glycerine chlor- 
hydrm ; which is incorporated Into a mixture of sul- 
pnnric and nitric acids, giving monochlordlnltrin or 
chlorpropenyldinitrate.) 

Absorbent for nitro-elyoerinc powder, made by mingling 
with fine particles thereof small proportion of fusible, 
soluble, or paste-producing material as a coating. 
This, when hardened, holds the attached particles in 
aggresatlons, which are coated with and measurably 
i£sorb nitro-glycerine, and form explosive powder con- 
taining very small percentage of nitro-glycerine. 

Absorbent or base for explonves, formal by the combi- 
nation of citric acid and resin. 



CHAPTER IV. 



The Princtples of Elabtino,* 



fiTH Notes of Tdmnkls driven by Hani>-labok 
Black Powdee. 




Fia. 17(h) Fio. 17{fi). 



We liave seen, in Cliapter II., the Biiccessivo steps in tlie liistory of blasting, after the 
early introduction, in 1613, of gunpowder into mining by Martin Weigel, Mine Suj>erin- 
tendeiit at Freibei'g; how at first they only bored wide holes of 2 to 2^ inches diameter, 
using the crown [Fig. 17(ffl)] and cone [Fig, 17(i)] hits exclusively ; how chisel-bit drills were 
not introduced until long afterward (we know they were brought from Hungary to the Ilarz 
in 1749), and how the liotes at first were stopped by a wooden plug, 
clay tajnjjing not being used until, perhaps, nearly a century afler 
the introduction of dt-Illing. And after clay tamping was intro- 
duced, it was not imtil 1831 that Bickford invented the safety-fuss. 
All through that long intermediate period, reed or rush fuses, etc., 
were used in Germany, imd many accidents constantly occurred 
from the friction of the iron and metallic needles used ; arid wc 
have seen how copper noodles and thosa of soft metallic alloys 
were substituted to lessen this danger. In England, the same 
trouble was experienced, as the following extract from the evi- 
dence of John Taylor, before the "Select Committee of the 
House of Connnons on Accidents in Mines," will show.f 

" Q. Have the goodness to describe the former practice of 
blasting and the present." (This was in 1S3C, or five years 
after the invention of Bickford's fuse.) 

"A. The blowing i-ock by gunpowder is a simple process; the hole is bored into the rock, 
and in such direction as to expose the weakest part to the action of the powder; this hole 
is charged with a certain portion of gimpowder and is then filled with clay, or more usually 
with a soft kind of rock, which is rammed into it, leaving a small orifice, through which the 
rush or fuse is aftei'ward introduced for setting fire to it. Tiie most dangerous part of this 
process is the ramming in of this soft rock to confine the jTOwder, which is technically called 
tamping ; this used to be done with an iron bar, and the bar striking sllicioiis portions of the 
rock inflamed the powder, exploding it, tliereby injuring and perhaps killing the men, 

" The first improvement was in making that bar of copper, or a part of it of copper ; still, 
the needle or small rod which is introduced in the tamping to preserve the orifice for blasting 
was of iron, and that sometimes inflamed the gunpowder ; some jears ago, we substituted 
copper instead of iron, and in doing so had very great diflicnlty with the men. , , . 

" The copper needle is now generally used, which is the second improvement that has 
been introduced, but I think the last improvement isVne of the best ; it is the invention of a 

* The aallior expresaes liia indebtedneas to the "Lelirbuch der Oesnmmten TaunelbaukuDHt " of Rlilia; to 
tlie •■ TuBiielban" (ed. of 1874) of Schoen ; and to Andre's "Coal Mining," for mnn 7 valuable notes embodied in 
tbo rollonitig chapter. From Riiba. and especlallj from Scboen. manj of the illuelralions bsTe been taken. He 
IB also indebted to Mr. E. P. North, M. Am. Boc C. E,, for a. careful review and criticlHm of the cliapter, iMitb in 
tlie origiaal uss. and alao In tbc ptoof-sheeta. f " Mechanics' Magazine," London, vol. iiiv., p. 412. 
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person in Cornwall, who has made what he calls safety-fuses, to be used instead of the usual 
practice of filling a rush or tube with powder, and dropping it into the hole. This person has 
invented a cord in which there is a thin vein of gunpowder, and the cord is covered with 
tar or pitch ; the safety this gives is owing to a certain length burning in a certain time. . . . 

" It is made so cheaply that no diflSculty has been found in its introduction ; the men are 
supplied with it so that is not worth their while to make the common fuses, and I think It is 
one of the most happy thoughts that has ever occurred." 

Fuses used preceding the introduction of Bickford's were, among others, wooden tubes, 
reeds, straws, goose-quills, put together, small round paper tubes, small rubber tubes, eta, etc., 
filled with powder-paste, fine powder, or other readily igniting 
compounds. At the present day, a variety of tubular fuses is 
used in the coal regions of Pennsylvania, where a long iron 
tube is used, and the firing done with a straw or a Daddow 
squib. Figs. 18(a) to 19(i) show the Daddow squib as pat- 
ented. 

Fig. 18(a) shows Mr. Daddow's original patent : a is the 
match secured to the top of the tube c ; one end h of the squib- 
tube is saturated with a solution of nitre, liquid sulphur, etc., 

or fitted with 



a^ 




Fig. 18(6). 




Fig: 18(c). 



\<^ 



a match. The 
squib is then 
filled with 
powder, and 
sealed at the 
end c\ The 
squib-tube is 



an artificially prepared imitation of straw, and may 

be drawn from sheet brass or other ductile metal, 

made very light and thin, or prepared from paper 

or other suitable material. Figs. 18(J) and 18((7) 

show subsequent patents for matches for these 

squibs, in which (A) is a paper tube left open for 

the insertion of the squib, and (a) shows several 

strands of slow match. There are also other 

styles of matches that may be used, and Figs. 19(a) 

and 19(J) show a later patent of Mr. Daddow's 

where a narrow ribbon of copper is used as cover- 
ing material for the squib — C showing the exterior 

of the squib, C the core of powder, F' the copper 

ribbon, folded spirally around the core, which core 

may be first securely bound by a string or cotton 
thread H'. Passing through the core C is a string H, coated 
with mealed powder or any other combustible material, and 
intended to insure quick and certain ignition. 

These squibs have been noted at some length, as they have of late years como into very 
general use among coal-miners, especially in the Schuylkill region of Pennsylvania. They are 
simply an adaptation of the squibs commonly made by the men, but being manufactured in 
quantities and with care, they are found cheap and reliable.* 

♦ See also U. S. Patent No. 215,395, dated May 13th, 1879, for Safety-Squib iaveated by John R. Powell, 
Plymouth, Pa. 



c: 



Fio. 18(a). 




Fig. 19(a). 



Fig. 19(ft). 
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THE PRINCIPLES OF BLASTING, 



Bickfobd's Fuse 

camo into general use tbrougli Europe and America soon after its invention, and still holds 
ita place even when the higher explosives are used, in cases where it is not desired to fire 

several charges at once. Wlien used with gun-cotton aad 
nitro-glycerino or any compounds of the latter, all of 
which have to be detonated by a cap of fulminating 
powder, the fuse is slightly rasped at the end and inserted 
into the cap. 

Bickford's fuse unites the following essential quali- 




Hemp. 




CottoxL 



^ngle Taped. 



Pouble Taped. 



Tripld Taped. 



Superior Mnlng. 



Iiargd Qmta Feroha. 



Small QuttaPercha. 
Fio. 20. 



ties 







(a) Its burning is steady and practically uniform. 

(J) The hole may be bored to any depth. 

ip) The men are exposed to infinitely less danger in 

charging than with reed fuses. 
{d) It can be produced wholesale at reasonable 

rates.. 



The one objection that has been raised against Bick- 
ford's fuse is tliat tlie vapors are noxious, 
but this is a small point. Capt. Edouard 
Bzilia, however, of the Austrian Corps 
of Engineers, invented in 1862 an 
"odorless" so-called fuse. It has not 
been introduced into America. Fig. 20 
shows varieties (natural size) of the fuses 
manufactured and sold by the Lafiin & 
Rand Powder Company, of New York, 
and Fig. 21 shows a fuse inserted in a 
charge of black powder ready for blast- 
ing. 

Lieutenant Isidor Trauzl, of the 
Austrian Corps of Engineers, whose 
eminent researches on high explosives 
led to the introduction of dynamite into 
Austria,* invented a dynamite fuse which 
was tested in 1869 with success ; this fuse 
was simply a fiexible paper tube about 5 to 6 mm. (about \ inch) thick, filled with dynamite, 
and connections being made with the different holes, it was found that, owing to the quick igni- 
tion of dynamite, a single detonation would fire the whole number of holes simultaneously. 
It has also been found, from the experiments of Trauzl and Peyerte, that the explosion of a 
small quantity of dynamite at one end of a tube will, by concussion, fire a cartridge at the 
other end, so that trials have also bceii made with hollow fuses with dynamite charges inter- 
spersed through the fuse at intervals. Electrical firing, however, is generally used for 
simultaneous blasting; by it, ignition of the charge is effected in two ways. One is by inter- 
posing an exceedingly fine platinum wire (iron or alloyed metal will also answer) in the path 






Fig. 21. 



* See Traazl's *' Explosive Nitrilverbindunfl^n, insbesondere Djnamit and ScliiessWoUe*' (1870) ; also his 
** Die Dynamit, Hire Eigenscbaften and Gebraacbsweise" (1876) ; and bis ''Djnamit, ibre Okonomiscbe Bedeiu 
tung and ibrc Gefftbrlicbkeit " (1876). 



ELECTRIC FlRIJfa. HI 

of a cnrrent of electricity from a powerful voltaic battery, the reeistance offered by tlio 
. diminished conducting power of tlie fine wire to the passage of the cloctric current heating 
tlie wire to redncBS, and thereby exploding the charge. Anotlier system of electrical 
blasting depends upon a sudden discharge of static electricity between the terminals of two 
wires imbedded in a suitable priming compositionj which is thereby fired. For this, various 
appliances liave been used,* as, 

(a) A frictional electric machine and Leydcn jar. 
(}) A voltaic battery induction coil 

(c) An electro-dynamic machine such as Siemens', Ladd's, Farmer's, Gramme's, etc 

{d) An electro-dynamic machine, as Wheatstone's, Brequet's, Saxton's, Clarke's, etc 

Baron Ebner's Austrian frictional machine for electric firing has come into general nso 

abroad, and H. J. Smith in this country has introduced the same with some modifications, 

and tliis method has been proved by experience to he by far the cheapest and most certain 

method of firing a number of charges. 

Another frictional battery, made by G. M, Mowbray, has also been introdnced, and was 
used with good effect originally at Hoosac Tunnel. Static electricity is doubtless the most con- 
venient and most expeditious mode of firing ; it is questionable whether it is the most certain 
in quantities of over twenty or, say, thirty holes at a time. Mowbray claims, however, that 
his battery will fire as many as fifty charges simultaneously with safety, A fuse for static 
electricity depends for its value on the an-angement of the ends of the wires so that they 
shall neither touch nor be too far apart, and on the priming powder between the wires, its 
sensitiveness, etc., and, finally, of course (as in all electric fuses), on the proportion of fulmi- 
Tiate used. Electrical firing can of course be used indifferently, in exploding charges of 
cither black powder or of the higher explosives. Fig. 22 shows the electrical fuse so-called, 




sold by the Lafiin & Hand Company, and which it is claimed will cause the detonation of 
common blasting powder. (For discussion of detonation, see p. 196.) AH of these caps or 
exploders are practically constructed on the same principle (p. 92), and they are chiefly used 
in detonating charges of gun-cotton, nitro-glyeerine, dynamite, and the other nltro-glycerine 
compounds. Where they are used with the higher explosives, they are generally supplied 
by the companies manafacturing the explosive, and are made on the general type of Nobel's 
Hamburg caps.t 

In the simaltaneoas blasting of several boles, after the holes have been chaiged (care 
being taken that the exploder is inserted in the centre of the charge, and that the two wires 
from it are long enongh to reach out of the holes), the ends of two wires in each hole should 
be separated, and one wire of, say, the first hole joined to one of the second, and the free 
wire of the second to one of the third, etc., until the circuit is completed ; all connections 
should be carefully made by twisting together bare and clean ends of the wires; finally, the 
free wire in the first hole is joined to one of the leading wires reaching to the machine, 
and the free wire of the last hole with the other leading wire (see p, 92, as to precautions 

* Mowbray on Trinitro-glycerinp, p. 110. 

f Sea Engineering and Mining Journal, Now York, Jimo 17, 1683, voL 88, p. 813, tor an abstiact of General 
Henry L. Abbott's exhaostive study of electrical fuses in hifi paper, No. 28, of tlie Piofessional Papers of the Corpe 
* ~ ■ a U. S. A., 1881. 
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to be used in attaching wires, etc.). Fig. 23 shows an example (actual size) of coppor leading 
wire covered with gutta-percha. Directions for using the machines generally are sent with 
tliein. Practically, all that is necessary is to attach the crank, connect, the leading wires, and, 



by turning the crank and suddenly breaking the circuit, evolve and pasa the igniting spark. 
Among the direct advantages of electric tiring may be summarized : 

(a) Simultaneous tiring of different charges. 

(b) Premature escape of any of the gaa developed absolutely avoided by close tamping. 

(c) No smoke or gas from fnses. 

(d) Greatest safety. 
{e) Rapidity of work. 

Tamping 

With black powder, clay is perhaps beat, but soft rock, sand, etc., are often snbstituted. The 
idea of using plugs, cones, and similar devices for blocking the hole is apt to be periodically 
revived by enthusiastic inventoi-s ; we have seen (Tab. p. .52) how their history dates back 
through the last two centuries. There have been several attempts to introduce them into use of 
late years in the United States, but it is hardly worth while here tonoticeany of the proposals, 
as they have not come into general use. With pure iiitro-glycerine, no tamp- 
ing is needed but water ; therefore nitro-glycerJne, having greater specific 
gravity tlian water and no affinity for it, is an especially suitable agent for 
subaqueous blasting, where it can simply he poured down into tlio lioles 
through a tube and fimnel.* Fig. 24 shows a charge of nitro-glycerine with 
water-tamping and tape-fuse and exploder, Wliero the rock is split or seamy, 
nitroglycerine must be encased in some substance, say tin cases, and this, it 
is said, lessens its explosive force by preventing close contact. Wliere the 
rock is firm, it can be poured directly into the hole. In this respect, dynamite 
has a great advantage over nitro-glycerine in that it can be charged in roof- 
holes and in seamy rock, there being no danger of running ont, leakage, etc. 
In charging No. 1 dynamite, it was formerly thought that no tamping would 
be required, hut the general experience of blasters lias led to tlie practice of 
lis tamping the holes solidly to the lip with clay. The fact that tamping is not 
so essential with the high explosives as with the lower ones, should not be 
taken as proof of any radical difference in the theory of tamping being re- 
quired in both cases. The law of tamping" is the same, for in both the dis- 
ruption is effected by the sudden liberation of expansive gas; only in the one case the libera- 
tion of gas is instantaneous, and in the other gradual. In either case, strong confinement 
promotes the effect. A wooden rammer should be used with dynamite. 

That vacancies about a ciiarge do have a practical effect in reducing the force of explo- 
sion of nitro-glycerine or of its compounds is shown by the following record. The experiments 
were made at the works of the Atlantic Giant Powder Company with the mortar described 
p. 77. Tlie charge used with each shot was one-quarter ounce of No. 2 dynamite; and the 
object of tlie experimcTits was to see whether a small space left between the hall and the bottom 
of the bore would have any appreciable effect in lessening the distance the ball was thrown. 

* TbcK was shown in the British section, Paris Exposition of 1878, a patented water cartridge tamping, b; 
MacNab, claimed to yield superior results in coil, etc.. with block powder. (See also MacNab's Patent for 
wedging charge, pott 287.) 



This offectuallj shows that the hollow space theorrof o)d has no application tothehigh explosives. The Earn* 
conclusion has been reached in Oenentl Abbot's recent researchea, retemd to in the footnote ante, p. 98. 

Fig. as sliowa a charge of several dynamite cartridges with tape fuse and exploder 
inserted in the last cartridge, and tlie whole tamped with clay. 

Should the supply of exploders run out, dynamite may be exploded with a small charge 
of gunpowder placed above it in which a fuse is inserted aa in ordinary 
blasting with black powder. In this case, the tamping should be firmly 
rammed, so that the black powder may explode under as great pressure aa 
possible. Either dynamite or nitroglycerine fired witK 
a gunpowder fuse is very uncertain in action. Some- 
times it is exploded and sometimes not, and even when 
exploded its force is much less than when tlie fulminate 
is used. Hill* says that many experiments have been 
made at the U. S. Torpedo Station at Newport, R. I., 
with gimpowder fuses, but no satisfactory or concordant 
results obtained. 

(N. B. This should be taken as to No. 1 ; it is ques- 
tionable whctlier No. 2 dynamite ean be detonated as 
well at least even as No, 1, by the adjoining explosion 
of black jKiwder.) 

Witli niti-o-glycerine compounds containing solnble 
and especially deliquescent salts, it is best to enclose them 
in water-tight cartridges in wet holes, and tamp with 
clay. (No, 2 dynamite, made with nitrate of potash, is 
said to be practically unaffected by immersion in water.)t 
As to the use of pure nitro-glyccrine (for its characteris- 
tics, see p. 65), it was preferred as an explosive agent ^la. 26. 
at the Hoosac Tunnel in the heading, and, where a high explosive is desired, it prob- 
ably is the cheapest material to use in cases where the works in which the explosive 
is to be applied are of such magnitude as to require a long period for their completion. In 
these cases — as at Hoosac, for instance — it liaa been found economical to manufacture the nitro- 
glycerine on the spot ; this has also been done at other points, where the works were of much 
less importance. In cases like the above, systems of careful supervision can bo established, 
and the liquid explosive applied with economy; for properly and intelligently nscd, it can 
with certainty be said to be a safer compound to handle than ordinary black blasting powder. 
But. in general, owing to its undoubted greater safety, more general application, and easy 
handling, dynamite seems, both in Europe and in this country, to be preferred. By "more 
general application" is meant, that, in nine cases out of ten, dynamite will be used with equal 
effect to tlie pure nitro-glycerine. It may seem paradoxical to say that seventy-five per cent 
of a substance is equal to one hnndrecl per cent, but we are not speaking now theoretically, 
but of the practical application of these explosives, and herein must bo taken into acconnt 
the waeto that ensues from the use of a liquid, the fact that it cannot be used or tamped in 
top holes slanting downward, or in seamy rock, unless enclosed in tin or other stiff cartridges, 
* On Esploaives, p. 88. 

f Whether compoanda of oiiro-glfoerine witU Mlubte nits (No. S dynamite, LUhofnctear, Rsnd-Rock, Vol. 
cux Powder, etc., etc.) ore affected hj being- cliarged in wet holea at a temperature of 30'' F. or under, boa not yet 
been positively decided. ConSictiog resulta have been obtained, possibly owing to differencea in the length of 
timo tbe cliari;cs may Iiavo been exposed to the action of the water. The low temperature would lend to weaken 
the nitro- glycerine. 
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which then prevent close contact, as noted above, and thereby insure a waste of force. More- 
over, nitro-glycerine in its pure Btate is too quick and strong an explosive to be nsed to best 
advantage except in deep holes in the strongest rock, when its full strengtli can bo ntilJzcd ; 
and oven in deep heading holes, it has been abundantly shown, in the construction of the 
MuBconctcong and the Sutro Tunnels, that No. 1 dynamite is fully cqnal to the task of 
cleanly bringing out 8, 10, 12, and 13 foot cuts at a shot. 

In bottom and side work in tunneling, No. 1 dynamite is too strong to be economically 
used, and lower grades will generally be found cheaper, as it pays better, in cases where the 
line of the hole is parallel or approximately so to the face of tlie rock, to distribute the force 
throughout \l& length, as the line of least resistance in these cases is a eontinnous one, or, in 
fact, beconiCB a plane. 

In the heading, on the contrary, where, as is the pmctice abroad, perpendicular holes to 
the face are used, or, as in tliis country, the deep-cut system, the line of least resistance is a 
straight line froip the charge or from the apex of the cut to the surface, and therefore the 
full strength of the charge is required at the apex, and tliere the strongest explosive is the 
best. (For a discussion of tlie intrinsic characteristics of dynamite, see p. 70.) 

TuK Dkill. 
Figs. \1{a) and 17(5) (p. 108) show the earliest fonnof bits used in pointing drills. Fig. 
27 shows another that has been used in Germany, and which, since the rise of niachino-drills, 
has been applied as the best suited for the wear and tear caused by their rapid and heavy 
blows. 

Figs. 28(a_i and 28(6) show the edges of two other forms of bits tried, 
in each of which there is a transverse edge and a slight 
side one. Figs. 29 to 30 inclusive show others. 
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Figs. 37 and 38 show tlie curved cliisel-btt in ordinary use, wliich lias been proved, by 
the experience of liundreds o£ years, to bo the best for ordinary hand-drilling ; let ns con- 
sider why it is necessarily so. 

Take a purely strMght-edge bit, aa shown in Fig. 41, and consider that in Fig. 39 the 






white lines show successive cuts made by it in turning. Theoretically, the drill is turned on 
a centre in the middle of the hole ; practically, the successive cuts cross each other a little as 
shown in Fig. 40, the hole being necessarily broken a little wider in diameter than the extreme 





m 



Fig. 43. 



width of the bit. In either case, we sec how vastly more work the drill has to do at the 
circumference of the circle than at the centre, and therefore a Btntight-edged drill, as in Fig. 
41, will soon be worn more at the ends (Fig. 43) than the middle of the edge, and it will 





naturally approximate to the cnrved edge, which, if originally adopted, therefore gives tlie 
most nniform wear. There are aleo considerations affecting tlie form of the edge. Theoreti- 
cally speaking, the drill is supposed to be held always vertically in the hole, and the hlow is 
further supposed to be given directly on the head of the drill, the axis of the hammer at the 
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moment of impact being perpendicular to the axis of the drill. In practice, however, the 
drill may often be held at a slight angle, as in Fig. 42, and the blow is besides often given 
inaxiallyj as in Fig, 44 ; these results also tend to a roiinditig of the straight edge, if used 
as in Fig. 42. Fig. 45 siiows lliat with a roimded edge an iuaxial blow will take cfiEeet 
nevertheless on the body and not the end of the edge; in otiier words, the more the edge Ix; 
curved, the more nearly will inaxlal blows take effect at the centre, and tlic practical mean to 
be reached is tlie one somewhere hero between a flat edge and a diamond jtoint ; the amount 
of cnrvatnre, as well as the tempering of the steel, must be adapted in each case to the mate- 
rial to be drilled. Thus in hard ground a flatter curve and in easier ground a sharper curve 
will be found best, varying perhaps from Fig. 46 to Fig. 47. 
It has, in fact, been fonnd by experience, that, 

(o) Straight-edged drills blnnt quickly at tlio comers. 

(S) Edges with too sharp a curve blunt first at tlie centre. 

(c) Edges with light curves are best adapted to hard, and those with sharp curves 

to easier ground. 

{d) The proportion of the extreme width of the bit to the diameter of the drill 

may vary from 7 : 6 to 4 : 3. In easy rook, the shoulder of the edge need 

not be so great as in hard, as the ends arc not subjected to so great a strain. 

(«) The angle of the two faces may be put at the highest for strong drills in hard 






rock, at say 70°, as in Fig. 48. In hard ground, however, tlie drill should be 
rather rounded, as in Fig. 49, to give support to the point, and in very easy 
material (bard earth, etc.) where a crusliing rather than a cutting edge is 
needed, it is well to alightly blunt the edge as in Fig. 50. 

ExPANnmo Bobebs. 



Many types of borers have been tried for enlaiging a drill-hole at its bottom. The man- 
ifest advantage of an enlai^ed diamber at the foot of the drill-hole is, that the charge can 
thus be made heaviest at the point where the resistance is strongest. An attempt to thus 
enlarge holes driven in limestone was made at a qnarry near Sistiana by pouring nitric acid 
into the hole to dissolve out a chamber at the bottom. The stone quarried at Sistiana was 
ased for the harbor at Trieste. This plan never came into general application : in any event, 
it would only apply to calcareous rocks. 
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Fi^, 51 shows aiiotlicr cutter somewliat similar in principle, but witUont tiie carved 
edge. It was patented in England, September IStli, 1853, by Henry Kraut. Tlie part b h 
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is of 6olid Etet'l and welded to the iron a, and it is represented as arrived at the bottom of 
the chamber h.* 

FigB. 52 and 53 are taken from Il2ihit;f they represent wliat is called the " Bhear-borer." 
This drill is described by Schoen:]; also. As will be seen from the figures, the drill is provided 
with expanding blades, which open when the drill is turned one way, and close when it is 
reversed and drawn out of the liolc. When closed, the blades remain in that position, and 
arc opened automatically when the drill is struck against the bottom of the hole. 

Tn?: Hammer. 

As to the hammer, there have been long-standing controversies between the different 
rnces of miners with reference to the use of light hammers of from three to five pounds, or 
the heavy — say nine-ponnd ones. Tlie Piedmonteso miners are famous for their work with 
tho latter in eight-hour shifts. Of course, in much one-hand drilling, especially upward 
work, the light hammers must be used. 

Tliere has also been much discuEsion in Europe as to the relative advantages of single- 
hand or two-band drilling. One of the most complete expositions of the subject ever 
written will be found in the " Revue Universelle den Mines" (Li&gc, Mai et Juin, 1876), in 
an article by M. Jules Havrez, on the " Creusement des Trous de Mine." In France and Bel- 



" Civil Engineers' and Arckilecta' Journkt." vol. xvil., p. 833. 
" Iielirbuch der Uemnmten Tunnel baukuQSt," vo1< L. p. 07. 
" Oer Tunnilbnu," p. 40. 



118 THE PRINCIPLES OF BLASTING 

« 

gium, the two systems are known as " La petite Batte" and " La grosse Battel' In the 
former, small holes, of from 25 to 30 mm. (1 to 1-2 inches), are drilled by a miner, who holds 
the drill in one hand and strikes with the other ; in the " Grosse Batte" system, holes of from 
30 to 40 mm. (1*2 to 1*6 inches) are drilled, one miner turning the drill and the other strik- 
ing. M. Havrez's discussion of this question is exhaustive, and is chiefly directed toward an 
inquiry as to which mode of drilling is most advantageous in the rocks encountered in coal- 
mining, ^d his final conclusions are as follows : 

" We can therefore conclude, as to these two modes of drilling, that, in point of economy 
of time and money, one-hand driUing is from 30 per cent in soft schists to 20 per cent in 
soft sandstones cheaper than two-hand drilling. In very hard rocks, on the other hand, a 
saving in direct outlay of about 15 per cent can be effected by two-hand drilling over one- 
hand drilling; this is especially the case with ten-hour instead of eight-hour shifts. This 
saving is, however, made in cost alone, as one-hand drilling gives the more rapid advance, 
and should be used even in the harder rocks, where speed is an especial object." 

In tunnel-headings, however, in America, we know tliat the rule is in favor of two-hand 
drilling in general ; often, indeed, two hammers on one drill are used. As to the remaining 
tools used in blasting, the rammer, swab-stick, picker, etc., their proper use and application, 
is a simple matter, and their form, ete., may be best studied in the mines. 

The Pbwciples op Blasting. 

Now, what is blasting ? It may be defined to be the rending or tearing apart of any 
solid body, by the pressure or shock exerted upon it from the sudden development of gas of 
high tension evolved on the ignition of some explosive compound placed contiguous to it. 
As the drilling of the holes may be said to be the dearest part of blasting, it follows that 
great care should bo taken in setting each hole in such a position and in drilling it of such 
width and depth as to insure the greatest effect at the least cost. Wlien we recall the many 
circumstances that may influence the effect of a shot, it is evident that the proper setting of 
a hole is a matter rather of judgment based on experietice than one to be decided by empir- 
ical rules, for even were a set of rules deduced from experiments in one material, they would 
only apply, under similar circumstances, in the same material. . The effect of a shot may be 
influenced, among other considerations, by : 

{a) The shape in wliich the rock is presented, the size and number of the open faces, 
the shape of the piece it is desired to take out, if that is an object, and, of course, primarily, 
the size of the cross-section of the face, if it is heading work. 

(J) The texture of the rock, whether it is hard or easy, firm or loose, whether it is 
brittle or tough ; thus experience gained in blasting close-grained, hard granite, trap, gneiss, 
etc., would not apply to limestone, sandstone, slate, etc., etc. 

{6) The stnicture of the rock, as to whether it is laminated, stratified, or fissured ; upon 
its cleavage, etc., and upon whether it is massive or broken, etc « 

{d) The elasticity of the rock. 

{e) The explosive used. 

{f) Whether the hole is to act alone or simultaneously with or following others ; in the 
case of simultaneous tiring, the question arises of how the waves of oscillation will best act 
in concert. 

{g) The character of the fuse and tamping. 

And now, supposing a shot is to bo placed in any position whatever, we have seen that 
its action will be in the line of least resistance with the lower explosives, and its greatest efeci 
will also be in the direction of that line with the higher ones (as to the difference between 
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the two terms, see p. 97). Let ns consider the line of least resistance in black powder. We 
mnst assume that, on ignition, the gases developed act primarily radially, that therefore the 
tension of the gas extends from the point of ignition (which must be assumed to be in the 
centre of the charge) in all directions, and that, according to the location of the charge and 
of the number and relation of the open faces, an undulation in the rock is produced, which, 
when the limit of elasticity is passed, will cause the splitting and tearing apart of the rock ; 
and as the force developed will naturally find its vent by the shortest road, the distance be- 
tween the charge and the nearest external point is called the line of least resistance. 

(In a perfectlyhomogeneous material, a regular funnel or crater would be formed, but 
this is, of course, only approximately attained. In actual practice, an irregular separation of 
the rock is effected.) 

We accordingly have the following general rules : 

1. The hole should not be located in the line of least resistance, otherwise the tamping 
would simply be blown out. (Be it remembered this discussion is as to black powder, not 
iiitro-glycerine.) 

2. Experience has established the average ratio between the depth of hole and the length 
of the line of least resistance to be as four to three, or the length of the line of least resist- 






Fio. 54 



Fig. 65. 



Fig. 66. 



ance will be three quarters of the depth of the hole, and experience has further shown that 
the charge of black powder should be, on the average, about one third (J) of the depth of 
the hole, the varying limits being 0-29 to 0»45. 

If in a massive rock not fissured, presenting a vertical face, we bore a hole a ft. Fig* 
54, we may in general expect a break in the general direction ah c^ which can be measured 
by the line ft c drawn perpendicular to a ft. It is, moreover, proved by general experience 
that the sphere of rupture determined hy h c will seldom be larger than the depth a ft of the 
hole, and it would probably be equal to a ft only in very easy material, when a ft is set at 
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an angle of less than 45° with the face a c. If we bore the hole t3y(Fig, 55) on an angle 
of 45°, we will have for the length fh of the line of least resistance the expression, 

f k = e f <m ih° ^ e f 0-im, 

by which the greatest possible value (J) is reached. 

While in Fig, 54, onacconnt of the assumed firmness, stracture, coherence, etc., of the 
rock, the line of least resistance formed an angle less tlian 45° with the face, there may be 
other cases (Fig. 56) where the hole should be set at a greater angle, eay oven 60°. In this 
instance, if the face t m bo all iirm rock, it is not probable that the volume ikm would be 
detached, but in general the wedge ikg n woald be ejected. But say op represeutsa fissure 




or holing, or perhaps an open face produced by a former shot, wc may then, irrespective 
of the line of least resistance k I, assume that, under favorable circumstances, thesection ikop 
would be thrown, provided i o bo not larger than the depth t k of the hole. From these con- 
siderations, we may deduce that, 

3. Holes ought in general to be bored at or under an angle of 45° ; a larger angle, in- 
creasing to as much as 90°, is advisable when open faces (as r s in Fig. 60) occur, and a smaller 
angle (Fig, 54) is advisable when the texture and etriicture of the rock necessitate assuming 
the line of least resistance as less than three quarters of the depth of the hole. Further, aa 
the mass thrown breaks in the general direction of the line of least resistance, and as, in fact. 
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tliM line lies in the mass ejected, or. in tlie extreme case of an angle of 90°, bounda tlie ejected 
mass, we must carefully observe, 

4. The external shnpe of the rock, in order to reacli a maximum effect. 

(a) If a y (Fig. 5T) represent a hole parallel to the open face e h, the line of least resist- 
ant-e e d will indicate the general throw of tlio shot. It will not bo necessary to bore tlie hole 
a fto the total depth e J, for it may be assumed in most cases that a cnrve will be formed 
in tlie general direction fh. Similarly, we may presume, under favorable circumstances, 
that the blast will also break in the direction ^y. The shot a^^ would have been set very 
favorably if tlierc ran from rj a crack about parallel to the hole, and from h another perpen- 
dicular to it. 

(J) If, fls in Fig. 58, we assume an existing lower cut in the cavity at d, we might 
tlien take hd hs tlic line of least resistance, and to obtain a maximum would extend it to three 
quarters of the depth of the hole ^. e., set the liole still more obliquely than shown in the figure, 
for in this case the deeper the hole, and the more the rock to be blasted bulges, the greater 
will be the result of ike shot. 
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(c) The shot a h (Fig. 59) may be considered as an vnfavorabU case, provided the help 
cannot beset above a, for now the shot can only break approximately in tlie lines a h f, as, 
if the line of least resistance were sought in a lino drawn perpendicular to tlie hole, it wonid 
be nearly vortical ; f nrther, the sliot cannot act as far aa d (supposing tlie rock to be solid), 
for the distance c d is limger than the hole a h. A" hole set more obliquely at a and bored to 
a greater depth would be also unfavorable, for the mass of the portion f d would l>e too 
thick, and the rouk being hollowed at^, a line drawn from y perpendicular to the hole 
would then represent the line of least resistance, and the shot would probably act only to 
the pointy, leaving y f? standing. Another very important rule supplementing the pre- 
cedina one is. 
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5. Clefts and fi&snres and lines of stratification in the rock must be carefully used to 
advantage. 

Such separation faces always represent in a minor sense open or clear faces, and where 
they exist back of or beyond the hole, we must presume that the shot will act not only out- 
ward but inward, and lines of least resistance will then have to be considered both ways ; 
Fig. 60 may be taken as an example. The shot will probably act beyond the bottom c of the 
hole, and tlie distance <? ^ to the next stratification-bed may be taken as the first line of least 
resistance, and an eflfect thence toward the exterior (perpendicular to a c) may be taken as the 
second. What in such a case may be estimated as the extreme limit of c d and d e would 
have to be found by trials. In these cases, of course, the distance d e will be over the aver- 
age rule of three quarters a c. 

When irregular clefts and cross-fissures occur, the question becomes more complicated, 
and the effect is generally directed to obtaining the largest possible wedge. 

In general, we may say, as to blasting in regularly stratified rock, that, 

C. In regular seams, the shots should be set perpendicular to the face of the seam. 

7. The portion of the hole holding the powder {h c, Fig. 60) should bo located within 
the whole rock. This rule, of coarse, only holds in rock where the strata are thicker than 
the depth of the powder-charge in the hole. If the charge intersect a stratification-bed, 
there will, in general, be a waste of force. Therefore, a short-fissured rock {i. e.y one natu- 
rally broken by short clefts, etc.), or one much laminated, though it gives more faces for the 
powder to act on again, is ultimately less favorable material, in many cases, than more solid 
material ; therefore, 

8. Short-fissured, laminated, or slaty rock should not be drilled, if possible, in the direc 
tion of the laminse, but, according to circumstances, in an oblique or normal dii^ection to them. 

Should a hole be located in a rock divided into thin laminae, the effect of the shot woula 
possibly only extend to the adjoining beds, and a small wedge might be thrown out ; but if 
the shot be set in a line perpendicular or oblique to the beds, thongh undoubtedly the charge 
would be cut by the layers, still a greater effect would probably bo obtained. As we shall 
see (p. 117) that the volume of the blasted body, on an average, is as the cube of the depth 
of the hole, it is a selt-evident deduction that costly preliminary shallow hole-work should be 
avoided as much as possible, and the main masses be thrown by deep-set shots. 

Therefore,, not only should 

9. Each shot be set so as to clear a bearing for following shots, but also 

10. The proper volume should be blasted away. 

(a) The first shot at the face of a drift is of course theoretically, and generally prac- 
tically, the one most unfavorably located. 

(J) If the strata dip toward the face, hence toward the miner, the breaking-in is started 
at the roof (Fig. 61). This case is the most favorable one, as the miner may then easily cut 
the seams perpendicularly to the strata, as in Fig. 60, and the drilling is downward. 

(c) If the strata dip from the face (Fig. 62), the breaking-in must be started at the bot- 
tom, and succeeding shots are drilled either under an angle steeper tlmn the dip of the strata, 
or, if the strata be thick, the shots may be drilled parallel to the stratification-bed ; and in 
this case, rule No. 8 will, of course, not apply. 

(d) Cases may occur where the breaking-in may be located advantageously at the middle 

of the face. 

(e) If the stratification be vertical, and parallel to the line of the drift, the breaking-in is 
generally made at the side. 

11. Sh-ort'fismred or very tough rock requires shallow holes; coarse-fissured^ moderately 
tough rock takes holes of average depth / and hr^itHe and solid rock works well with deep holes, 
Tn tough rock wide holes and in brittle rock narrow holes are the more economical. 
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It bIioiiM liere be noted tlmtj^rm, brittle rock may be distingaisbed by tbe rebound of 
the hammer ; it drills hard, but breaks oasily. 

Examples are : Trap, granite, gneiss, syenite, etc. 

Firm, tough rock docs not cause tbe liammer to rebound so violently, leaves a wbite 
itreak wben scratched with steel, drills easy, but breaks Iiurd. 

Examples are : Limestone, porphjrry, quartzose lodes, etc. 

12. Id driving a heading, particular care should bo taken that unnocessary cost in flash- 





line a b (Fig. 



ing the clear profile docs not arise. Large protuberances and cavities must be avoided, and 
.particular care in this respect should be paid, in tunneling, in taking out the bottom or bench, 
that there be not a large amount of trimming left to be subsequently done in clearing the 
normal profile, for such work not only is very tedious, delaying the work, but is costly. For 
this reason, holes located near the sides or roof should receive especial care. 

XtiscussioN OF Volumes theown in Blasting. 
When a bole is bored in a vertical face of a solid rock in the direction of tli 
63) and fired, if the tamping is not well rammed, tlie shot will probably 
simply blow out or only loosen a comparatively small portion of rock. 
If the tamping be well rammed, and the rock good, favorable material, 
a conical body — the so-called crater or funnel — ^will be thrown oot; for 
which, with black powder, the radius of blasting, h c =■}> d, may be 
assumed, for discussion, to be about equal to o i ; we will call a J = ji = 
line of least resistance. In this blast, therefore, a conical mass of rock 
would be thrown out, the volume of which, V, may be approximately 

expressed by V = —5— = 1-05 ^, Hence, the volume of the mass 

BLASTED IS AS THE CUBE OF THE LINE OF LEAST BESI8TANCE. 

This formula, however, applies merely to a plain, open face in good 
rock ; considering still that we are treating of nnfissured average ground, 
let us then consider some of the cases where two or more faces may be Fio <8 

acted on by the charge. Take a cube freely suspended in the air, with 
a chaige of powder at its centre. On firing (in a homogeneous material of course), the giises 
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developed meet with equal reeietance in the direction of the six faceu, and theoretically ther^ 
will be six craters, with tlie corresponding comers also broken. 

A short computation will show how the total volume of broken ground increases with 
the number of open faces, in a ratio that is rather more favorable than a direct proportion 
Tliis, though only a mere theoretical view, is of value as clearly placing the advantage ol 
Eettiu" holes to act in concert by opening as many faces as possible. 

Fig. 64 shows tlie enbe above su^ested freely suspended and a cliarge located at its 
centre. We have for tlie volume of the crater at one face, 
V = 1-05 i"; for the six faces of the cube there must then be 
6 (1 • 05 (^ or 6 V = 6 . 3 i*. There are besides the eight corner-pieces, 
which remain after deducting the volume of the cones from that of 
the cube (c). As the volume of c is of course = (2 t)' = 8 1\ the total 
cubic contents of tlie corners must be S f — B - 3 i' = 1-7 t' ; hence 
a single corner e = 0-212 f. 

Xow, take n solid mass (Fig, 65), with only two opi n sc^uare faces 
d ef g and d e % h, and consider e.icli side = 2 t 

On firing a charge located equidistant from these two faces, 
there will theoretically result two craters 2 V = 2 (1-05 C) — 2-1 i*. 

But it may be assumed also that portions have been 
detached from the corners at d and e, say in each ease 
one halt the corner. Wc may then theoretically con- 
sider that, He to a solid with two open faces, the volume 
of the blasted mass may amount to 

2V+2j=2-li:' + 0-212^= 6ay2-3<'. 

If we continue the computation similarly as to solids 
with three, four, to six open faces, wo will obtain the 
following tabular arrangement: 

TABLE 14. 
Theobetical Volumes in Blastiko wrrcf Black Powder. 



Fio. 64. 




Nmnbcrorapen 


Volumes e 


ipreiHd in Tamil t>r 1 be Lliio or leaac Reili 


„«,. 


Terme of Ihe 

Depth of Bore-holt (. 


Conet- = 1-(»C. 


Co™er.pU>c. = 0.m,.. 


ToUll 


i-nrandNnmbcra. 




1 V 

5 V 

8 r 

4 V 

6 V 

e V 


(1 + 1) « 
(4 -1- Jl « 


1-05C 
2-8 (' 
37 (' 
51 (' 
OU (' 
8-0 P 


0-87 P 
0-83 P 

i-aap 

1-83P 
2'83P 



If in tlie above table, we make the volume blasted at one face equal to unity, and suppose 
the line of least resistance Ho remain the same, wo will find that the volumes of the several cuts 
for 1, 2, 3, 4, 5, 6 open faces are to each other approximately as 1 :2'2: 3-5 :4-9:6'2:7-6, 
hence the rfitio of gainin ualng open faces is greaUr than a direct one. 

Now, we liave here seen the theoretical volumes thrown, where cones are blown by holes 
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Fig 66. 




Fig. 67. 



set perpendicular to the face, and the calcnlations liave been made in respect to holes set in 

this line, but this line ah = t (Fig. 66) is the line of least re- 
sistance, where there is but one face, and we have seen (p. 119) 
that bore-holes should not be located in the line of least resist- 
ance (with black powder). But (p. 120) we have seen further 
that a hole set at an angle of 45° (Figs. 67 and 55) is the case 
midway between the extremes of very tough and loose rock 
shown in Figs. 54 and 56, and that, with an augle of 45°, the 
line of least resistance = f of the depth of the hole, so that the 
same volume will apply, as it is the same figure, with the bore- 
hole changed in position. In this case, the volume of the cone 
blasted V = 1-05 ^ may be expressed in terms of the depth 
ac = I oi the bore. We will thus have V = 0-37 T, since I = 1-3 t and 
^ = 0-71 /. This expression, however, it must be remembered, is merely a 
theoretical one designed to formulate and concisely show the essential principles of blastiug. 
Of course, no approximate single formula could be devised that would apply to the varyin<y 
positions which occur in blasting and the varying materials inet with. Schoen* has, how- 
ever, taken V = w P as a general formula, in which the coeflScient rn is to be varied accord- 
ing to the material, and he presents the following values, as deduced from various trials, 
form- 
Values of the coeflScient m in the formula V = m?, for diflTerent rocks: 

Jurassic Rock (firm) m = • 38 

Gneiss m = • 39 

Calcareous Slate vi =^ 0-41 

Dolomite 7n = 0*41 

Galena in = 0-42 

Quartz m = 0-42 

Trap 7n = 0-77 

Granite m = 0-85 

Jura Limestone; m = 0-85 

Calcite (calcspar) m = • 96 

Mica-schist m = 1 • 02 



K TTl = 0-4 



- m = 0«0 



On an aver- 
age, 
m=i 0.65. 



In this table, which must bo accepted merely on approximation (Schoen says of it, 
" welche freilich nicht auf Vollstandigkeit Anspruch machen kann"), m amoimts to 0-4 for 
very tough rock, and to 0-9 for more brittle rock with one open face. 

As to the width and depth of holes, they must vary with the rock and location — i. e.y 
whether in open cut, small or large heading, bottom holes, block holes, etc. The distance 
apart of the holes in a face should be so proportioned that the burden may be divided, and 
that, after the blast, the face rock left standing may be loosened with ease by picking and 
wedging. 

Theoretically, the number and depth of holes required to break a face with no loss of 
force may thus be approximately estimated. Pi-actically, however, the location, depth, etc., 
of the holes required in a given rock become rather a matter of instinct to an intelligent 
blaster, after due experience gained in different kinds of rock ; but the foregoing general 



• " Der TuDnelbau," p. 91. 
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discussion may perhaps be of value in arriving at a correct judgment by supplementing praa 
tical experience in the use of black powder with theoretical computation. 

In this connection, the following extract from Schoen is given ("Der Tunnelbau" (1874), p. 
103, etseq.) The author of this work has had no opportunity of verifying the results set forth, 
nor do the tables in all points agree with the author's personal experience. They are of 
interest, however, as being advanced by Schoen, and they are said by him to be based on and 
drawn from actual practice in Europe. 

The first eflTort of the miner in a heading should be directed toward loosening the 
coherence of the rock, as the latter is of course much greater in a small heading than in open 
work. The diflSculty of working may be said to be four to five times gmater in the former 
than in the latter case ; indeed, it may safely be assumed as a rule that the expenditure of 
poioer and money increaaes in the inverse ratio of the squares of the areas to he excavated. 
The first loosening of the coherence of the rock is to be effected obviously at the point where 
the breaking-in can be performed with the least diflBculty ; hence at places where clefts, 
fissures, soft intermediate strata, and the like occur. 

In the following table is given the number of cubic metres of rock which a miner can 
blast out in an eight-hour shift in narrow areas, such as are given by, say, headings or shafts 
of 5 square metres (about 6 square yards) clear area : 



CUBIC METRES. 



Gneiss 



\i 



Quartz 

Granulite 

Granite 

Syenite 

Porphyry 

Heavy Spar (baryta) 

Galena 



Calcareous Spar , 

Limestone (Jurassic) 

Sandstone (red, blue) 

Dolomite 

Graywacke (0«064)- 

Gypsum 

Calcareous Slate 

Clay Slate 







-0 






044 
075 

046 

066 

079 

076 

076 

076 

085 

107 
125 
126 
136 
142 
222 
224 
232 



Average value: 0-0692, or 
about 0«07, in compact and verj 
compact rock; or, say, in rock 
blasted with difliculty. 



Average value: 0-164 in easier 
and less compact rock ; or, say, in 
rock easily blasted. 



Total average • 114 cubic metres. 

These coefficients show very well the ratio of extraction in rocks of different hardness, 
and it will bo seen that a miners work in clay slate, calcareous slate, and gypsum is indicated 
as being nearly five times greater than in gneiss. The numbers may also serve proportionally 
to approximately determine the amount of a miner's work in cross-sections larger than five 
square metres, as for the same kinds of rock the amount of work performed are to ea^h 
other as the square roots of the areas of the cross-sections. For instance, in excavating the 
full cross-section of a double-track (gunnel, the area of which amounts to 42 square metres, 
a miner will extract during eight hours of work : 
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In very compact rock in wliich for a 
cross-section of 5 square metres the average 
work performed by one man during eight 
hours is • 07 cubic metres : 

And 

in a rock wliich can be easily quarried and 
blasted : 



6-4 



im 



I:: 



.07:^ 



i^5n 

2-2 
)- a? = 0-2 cubic metres extracted = amount 
of material removed from the above cross- 
section of 42 square metres. 



y 



X 



1/5 n : f'42n"*:: 0.164: x 

= 0-48 cubic metres extracted = amount 
corresponding to the area of 42 square metres. 

These values of x agree very well with the results obtained in practice (according to 
Schoen). 

Estimate of the Cost of Extrachon. 

The following tabular arrangement contains data showing the work performed by a 
miner in six diflferent kinds of rock. The table serves also to determine the time required for 
extracting one cubic metre of material from the full area of a tunnel, and it is based on the 
personal experience of J. G. Schoen and other engineers in Europe : 

TABLE 15. 



KIND OF BOCK. 


CLASS. 


Amount of ma- 
terial in ca- 
ble metres that 

a miner can 
extract in eight- 
hoar shifts in 
the different 
classes of rock. 


(ft) 

lime required 

(expressed in 
eiffht-honr shifts) 

for a miner to 
extract one cubic 

metre of ma- 
terial flrom the full 
area of a tunnel. 


(c) 
Time required 
(expreined in 
eight-hour 
shifts) for a mi- 
ner to extract 
one cubic metre 
of material in 
open-cut work 


Geometrical Series, having a com- 
mon ratio 1-904. 




From column 
(a). 


From column 
(ft). 


Soft ground 

Ground extracted ^▼itU the pick. 
Ground separated with the gad. 

Rocks whicU are quarried 

Rocks quarried and blasted 

Rocks to be blasted 


I. 

11. 
III. 
IV. 

V. 
VI. 


6-51 
408 
2-49 
087 
0*49 
0-26 


0154 
0-245 
0401 
1149 
2041 
8-903 


008 
014 
019 
047 
0-65 
104 


6-51 
3-84 
1-80 
0-94 
0-50 
0-26 


0-158 

0-29 

0-55 

105 

2-01 

8-846 







The numbers in column (J), multiplied by the day's wages (eight hours) of a miner, 
will give the cost of a cubic metre of excavation in tunneling^ while the numbers in column 
(c) are the coefficients which, multiplied by the wages of a good outside laborer, will furnish 
the cost of excavation of one cubic metre in open working. Of course, the figures for inside 
working are greatly in excess. 

The reader's attention is directed to the remarkable fact, shown by the table, that the 
number of cubic metres which a miner is capable of extracting during eight hours in the six 
different classes of rock decreases nearly in a geometrical ratio from Glasses I. to VI., while the 
time increases ; and column (rf) shows that this rate of increase and decrease is in a geometri- 
cal progression with a common ratio 1-004. It should, moreover, be noted that the numbers 
in column (tZ) arc within the limits of corresponding values obtained from actual tunneling 
(in Europe). We have therefore the rule that the extraction of the different materials 
noted in the six classes specified decreases in quantity in a geometrical ratio, while the cost 
of extraction increases in the same ratio. 
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The following formulaB are given by Sclioen for determining the dimensions of blast-holes 
and their charges with powder, referred to given areas in a rock of average character : 

Let /"denote the area in square metres ; 

I " the depth of bore in centimetres ; 

t " the length of the line of shortest resistance ; 

V " the volume of the blasted material, the face being supposed to be nearly 

plane and open ; 
d " the clear width of the hole in centimetres ; 
L " the charge of powder of a hole in grammes ; 
Z " the length of the fuse in centimetres ; 

wo will have: 

(1) I cmtrs. = 20 -//(more accurately, = 20.18 |//). 

(2) t cmtrs. = 14 -//(more accurately, = 14.3 |/). 

(3) V cub. cmtrs. = 2920/4// or 
V cub. mti-s. = 0- 00292/ V/ 

(4) d cmtrs. = 2-34 -f 0-4 4//. 

(5) Lgrammes = Vfi^^'^ + 9-8^/+ O-S/), 

(6) Z cmtrs. = (20 V/) x 2. 

(7) V = 1-05^'. 

(8) V = 0.37 P. 

(9) d cmtrs. = 2-34 + 0-02 L 

(10) L grammes = ? (1-43 + 0-024 Z + 0-0001 V). 

These tables and formulae from Schoen may perhaps be of value to some readers of this 
work. They have never, so far as the author knows, been verified, or even discussed, in 
America, and their discussion alone may perhaps be a help in modifying some of our rule-of- 
thumb principles in blasting work. 

In the use of the lower explosives — ^lialoxyline, Eeveley's powder, etc., which approxi- 
mate in strength to gunpowder — the circumstances are so similar that it is hardly necessary 
to enter into them. As to gun-cotton, it would not seem at tlie present day to be likely to 
supersede either black powder or nitro-glycerine, in their respective provinces, being midway 
between the two in strength, and the lower dynamites approximate so closely to it, while in 
the general judgment they are so much safer to use, that they are likely to occupy the place 
it might fill in blasting. 

Headings in Solid "Rock, driven by Hand-Labor wrni Black Powder. 

Prior to the introduction of machine-drilling and the higher explosives, of course all 
tunnel-work was done with black powder, and its use in tunneling is as yet by no means a 
thing of the past. As a general rule, in rock-tunnels driven in the United States, the heading 
is taken out at the top to the full width of tunnel cross-section, and about 7 feet high at 
the centre. Sometimes, however, as recently in the case of the Greenfield Tunnel No. 2 in 
Wisconsin, a small centre-heading is driven, to be subsequently enlarged at the sides. Driving 
headings by hand with black powder simply involves the ordinary operations of blasting be- 
fore described, and it is not necessary here to enter further in detail than to give the average 
rates of progress that have been attained in various tunnels. These will be found arranged 
in the following tables: 
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TABLE 16. 



BA.ILBOAD. 



KAJfX. 



Albonj and Suaqueh'na Webster 

'^'^*"*y ^A"** ^*** \ One Tunnel . 
Stockbridge. ' 



Allegheny Valley. 



Baltimore and Ohio. 



Summit 1871 



5 



1965 
1841 
























«* 



(i 



tt 



44 



(I 



(( 



<l 



44 



(I 



41* 

























































4< 



44 



14 44 

Baltimore and Potomac. 
Blue Ridge R. r! 



Central Fadflc. 

44 
44 

44 



44 

44 
44 
44 
14 

44 
(4 



Greenfield Bridge 1848 

Lower Point of Rocka. . '1867 
Upper Point of Rocks. . 1867 

Harper^s Ferry '1889 

Doe Gully 1889 




PBOQBX98. 



M=: per month. 
W= per week. 
D = per day. 



SSADENO. 



Single (0) or 

Double (d) 

Track. 



BOTTOM. 



Feet, i Metres. 




Paw Paw. 
Everett's. 



McGuiro*s . 
Rodcmer^s. 



Kingwood. 



Murray. 



Carr's 

Brandy Gap. 
Trougb .... 

Buckeye 

Shannon — 



Doe Run 



Calhanns 

Cunningham's. 

Butcher 

TeneriHe 

Section 74 

Glover's Gap . . 
Eaton's Upper. 
Eaton's Lower. 
Martin's 



Broad Tree. 



Welling... 
Sheph^. 
Balumore 



Stump House. 



Cisco 

Red Spur 

Crocker's Spur. 
Summit , 



44 



44 



»...•......< 



Black Point 

Donner's Peak 

Cement Ridge 

Tunnel Spur 



44 



44 



Lake Ridge. 



Delaware, Lackawan-) n...,.^ 
ha imd Western f ,^'««"- 



LonisT'le and Cincinnati Seven Tunnels. 



Lonlsyille, Nashville, I ' jj^^ ^m 
and Great Southern J ,-™**"J "*" 



New York and Canada. Fort Tlcondcrpga 



44 



14 



(( 



Port Henry. 



WUlsborongh 



1810 
1849 

1861 

18S0 

1849 

1860 

1868 

1858 
1854 
1868 
1864 

1863 

1865 
1856 
1864 
1866 
1863 
186S 
185S 
1862 
1861 

1861 

1861 
1861 
1871 



1866 



1874 
1867 

1869 
1874 
1874 
1874 



T. 10' 

high 

(8 -06) 

T. 

4( 
41 
44 
44 
44 

44 
4k 



B. C'(1.8) 
B. and T. 



T. 

• 4 
44 
44 



44 
44 
44 
44 
44 




T. 7' to 

1 8' high. 

fT. Rad. 

= 7' 

arcft 

= 77*. 



T. 
T. C X 10' 
T. 0' X 10' 
T. 6' X 10' 



West 
79-6 

East 
891 



83 
60 
27 
100 
41 

48 
88-4 
431 

75 

84 

182H 

80 
88-4 
42-6 

84Vi 

66 

191 
113 
104 
100 
94 

eo 

27'4 
66 
74 



104 

88-2 

160 



35-30 



D 
79 

n 
eo 

18 



1-82 

0-88 
0-94 
1-96 
2-61 

102 

1-28 

2-24 
H 



22*2 



80' 
- to 
100' 

44 

40 
40 
40 



Westl 
24-8t 

East! 
27-lJ 



10 

10 
16 
8 
SO 
12 

18 
11 
12 
22 
25 

40 

24 

10 
18 
10 

19 

68 
84 

I 

26 
18 
8 
16 
22 

21 

81 
11 
46 



2 

4 
2 

6 

8 

2 
5 
7 
6 
7 
8 
8 
8 
6 



7 
6 

8 



7-8-91 



D 
0-24 



0' 
0- 




18 
86 



0-56 

0-27 
0-29 
0-89 
0-76 

0-60 

039 

0-68 
M 

6-7 



244- 
80-6 



13-5 
12-8 
12-3 
12-3 



Feet. 



M 



50-9 



83 

88 
60 
27 
100 
41 

48 
60 
88 
70 
84 



60 
88-4 
42-6 
166X 

87 

• • • V 

71 

• ■ • • 

75 

185 

60 

65 

46 
80 



178H 
88 
46 



Metres. 



M 

■ • • t Da 

18-3 d. 

• ■ ■ ■ 

■ • • • %■• 

10- 1 " 

10- 1 
16-3 
8-2 
30-6 
12-6 

132 *■ 
16-2 " 
11-7 " 
21. 3 " 
25-6 " 



44 
4i 
t4 
44 
44 



180 
10- 1 
130 
60-6 

26-6 



21-7 



s. 

44 
44 

44 
14 

44 

44 
44 
44 
44 
<4 
44 



22-9 
41 2 
183 
16-8 d. 
141 ♦• 
91 8. 

21 " 

646 " 
116 " 
188 " 



25-80 7-6-91" 



D 

0-80 
0-91 
0-80 
1-42 

4-88 

IW 
1-44 
1-42 
8-66 

117 

1-97 

2-24 
M 

22-6 



80'- 
100' 



D 
027 
026 
027 
0-43 

1-84 

0-46 
0-44 
0-44 
109 

0-85 

060 

0-66 
M 

6-8 d. 



s. 

44 

44 
44 

4i 

44 
44 
44 
44 

44 

44 
44 



JIL4TKBXAL. 



BBMARKS. 

(In this table the rate 
of progress for both 
heading and bot- 
tom is reduced to 
average rate for one 
heading and one 
bottom.) 



Slate. 

j Limestone and 
( Slate. 

fire-clay Rock. 



BOca Slate. 



44 



44 



Hornblende Slate. 
Hard Clay Slate. 
Soft Clay Slate. 
j Clay, Slate, and 
I Sandstone. 

Clay Slate. 



41 



44 



day. Slate, and 
( Sandstone. 

Sandstone and 
' Coal Vein. 

S'ndst'e and Slate. 



44 
44 
44 
44 



44 
44 



44 
44 
44 

44 



*( 



Soft Red Shale. 
S'ndst'e and Slate. 



44 

44 



44 

44 
41 



Soft Slate. 
CUy Slate. 
Slate and S'ndst'e. 



44 



Rock,Clay, Earth. 

« 

Mica • schist 
and Gneiss. 



Hard Trap. 

44 44 

Granite. 

44 



44 
44 

44 

Conglomerate. 
j Granite decom- 

( posed. 

I Granite decom- 

( posed. 
Conglomerate. 

Dolerite. 



Driven from both 
ends. 



j Worked chiefly firom 
1 one end. 



Worked from both 
ends. 

Worked from W. 
I end. 
Worked from ends 

and shafts. 



i Worked from ends 
and shafts, 
orked from one end. 

44 44 XD' 44 

" •• bothcnds. 

44 44 44 44 

(Worked from ends 

} and shaft. 

Worlced from W. end. 
•* *' one '* 

" "both ends. 

" •• one end. 

** both ends. 



44 
44 

44 



44 
44 



44 
• 4 



" £.end. 
j Worked from ends 
) and shafts. 
Worked from E. end. 

"both ends. 



24-4 s. Limestone 
80-5 " Fireclay. 



and 



56 17-1 *• 

80-40 9.1-12-3 " 
80-40 9- 1-12-8" 
30-40 9-1-12-3" 



Umestone. 



44 



44 



(This advance made 
< with nitro-glycer- 
( Ine. 



(Three hammers in 
I each shift, 
j Nitro-glycerino cm- 
I ployed. 



\ 



Nitro-Klycerinc cm- 



*) ployed, 
j Nftro-glyceri 
( ployed. 



cenne em* 
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TABLE 16. {Continued). 



New York and Harlem. 



PliflA.aiid ReadJng. 



«( 



M 



Sontheni Faciflc 



4« 



«« 



M 

tt 

l< 

II 

«f 
*« 

*< 

M 

*« 



f( 



it 



li 



1« 



t« 



•• 



«• 



l< 



i* 



•4 
«t 
tt 

14 

44 
«« 

M 
•« 



UnUm PMtfle. 

>* 4* 



»4 



4« 



tt 



U 



Fourth Ave., N.Y. City. 
Black Bock 

pDlpltBock 

4i 41 

No. 1 

** 2 

" S 

" 4. 

" 6 

•« 6 

" 7 

" 8 

" 9 

" 10. 

" 11 

" W. 

•* 18. 

" 14 

" 15. 

•• 1«. 

" 17 

•• la 

" 19 

Ban Fernando, No. 10. . 

No.l 

•• 9. 

" 8 

•' 4 



& 



1878 



1885 



1885 



1888 



1888 

1875 

1875 
1875 
1875 
1875 
1875 

1875 

1875 

1875 

1878 
1878 

1876 

1876 
1876 
1878 

1876 

1876 
1876 
1876 

1875 



1868 
1868 



1868 



1868 



P 



dm 



PROGBBSB. 



T. 7' high 



M-s per month. 
W = per week. 
D = per day. 



Single (a) or 

Double (d) 

Track, 



KBADDIO. 



BOTTOM. 



Feet 



D 
5 

0-78 
12 hn. 

0-68 



T. Bad. 

9'6- 

area 

141-8 

Bad. lO' 

area 157 

ti 

i( 

li 

«t 

' Bad. 
8' 6* 
area 
=118-5 
Bad. 8' 
•< area 
I = 100-5 
i Bad. 

-J a'e* 

ar. 141-8 
B. 8' 6* 
' ar. 118*5 
B.9'6' 
' ar. 141-8 
B. lO' 
area 
= 157 
»( 

44 

JB,9'6' 
- ar 146-8 
B. 10' 



157 



41 



B.9'6' 
ar 147-8 

, B.9'6' 
' ar.141.8 



M 

M14 

54 
128 

86 
181 

54 

66 

91 

-116 

106 
58 

118 

110 
100 

f« 

84 



\ 



90 
158 



\ 



446 

D 
4 
4 

106 
8-70 
4 



1-88 



Metres. 



Feet. 



D 

1-5 

0-94 
12hr8. 

018 



H 

84-8 

16-5 
88-0 
26-2 
89-9 
16-5 

90-1 

27.7 

85-4 

82-1 
16-2 

860 

83-5 
80*5 
201 

86-6 

18-9 
87-4 
46-4 

185-9 

D 
1-2 
1-2 

0-81 
0-82 
1-41 

0-41 



M 

404 

88 

47 
34 

127 

49 
128 

82 
144 

55 



115 

116 

116 
58 

108 

108 
99 

69 

86 

67 
174 
218 

485 

D 
6 
9 

0-57 
8-17 
4-61 



.Hetzea. 



M 

12-4 d. 

10- 1 •• 

14-4 " 
10-4 " 

88-7 8. 

160 " 

890 '• 
25-0" 
440'* 
16-8 " 

25-0*' 

85-1 " 

364" 

86-4" 
16-2 *• 



82-9 



4t 



82-9" 
80-2" 

21-0" 

262" 

20-4" 
581" 
650" 



MATXBIAS^ 



Graywacke. 



Sandstone. 



Decomposed 

Granite. 



44 



t4 



44 



41 



Hard decompos- 
ed Granite. 



J 



Hard decompos- 
ed Granite. 

Hard decompos- 
ed Granite. 

Hard decompos- 
ed Granite. 

Granite. 

Decomposed 

Granite. 

44 44 



]82>5 



44 



i 



0-09 
8-18 



< D 

1-88" 
2-74 " 

0-17 " 
0-95" 
141" 



0-88" 
4-50" 



41 



44 



14 



44 



44 



»4 



• 4 



44 



44 



44 



J Sandstone of va- 
rying hardness. 



1 



Soft Sandstone. 
Clay Bock. 



Black LImest'ne 
with Qnarta- 
Ite. 



•J Qnartzite. 



BBMABXS. 

(In this table the rate 
of progress for both 
heading and bot- 
tom is reduced to 
average rate for one 
heading and one 
bottom, except in 
the Southern Pacific 
tunnels.) 



( " Progress about 5' 
per daT in each 
tunnel.^* 
From ends. 
Bnlargcments taken 
from J. lAnrie*B 
Hooeac Beport 
J Heading from shafts 
I (J. lAurie). 

Progress from ends 

(J.lAurie). 
Progres s from shafts 
; (JTLanrie). 



Worked from both 
ends. 

Worked from lower 
f end. 

) Worked from both 
) ends. 

I Worked from both 
f ends. 

I Worked ftom both 
f ends. 

(Worked from both 
) ends. 

Worked from both 
ends. 

^ Worked from both 
ends. 

(Worked from both 
ends. 

Worked from both 

ends. 
Worked from one 

end. 

f Worked ftom both 
ends. 

(Worked from both 
) ends. 

! Worked from both 
ends. 
Worked from both 
ends. 

(worked from both 
'' ends. 

Worked from both 

ends. 
Worked from both 

ends. 
Worked from both 
( ends. 
Worked from ends 

and trom three in* 

dines. 



Mormons, with pow- 
der. 
Gentiles, with pow- 
der. 
Gentiles, with nitro- 
glycerine. 
) Powder. 

V Mormons, with nl- 
( tro-glycerine. 



AVKUAOK J'jUKillKHH IN TIIK UnITED StATES OF TuNNELS DbIVEN BY HaND-LaBOB WITH 

Blaok Fowdeb. 

IliMJitpltulHtlon of 21 tunnels through hard, solid rock, such as granite, porphyry, trap, 
tiUi, ; h\mf Nolid, tough rock, like limestone: 
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,_ ,, „ (Headine 36-02 feet, 10-98 metres. 

- Monthly Progress { g^^^^^*^ ^^^^ , ^^^^ , 

„ ., „ j Heading 1-44 " 044 " 

Daily Progress j 3^^^^^« ^ ^g „ ^^^^^ , 

Recapitulation of 58 tunnels through easier rock — ^slate, shale, mica-schist, sandstone, 
partially decomposed granite, etc. : 

,-.,,, -D i Heading 63-76 feet, 19-43 metres. 

Monthly Progress I g^^^^^- g. ^^ ,, ^g^^ , 

T, M T> (Heading 2-55 '' 0-78 " 

Daily Progress { g^^^^/^^ ^ ^^ ,, ^3^ , 

TABLE 17. 

Average Monthly Progress of Double-track Tunnels in Europe Driven by Hand- 
Labor.* 



OHAB4CTEB OT OBOUND. 



HOISTIXO THBOUOH A SHAFT. 



Shaft of 10 iHeading of 7 
to 15 Bq. m t to 9 Bq. m. 



ERLABOBMKNT. 



1. In very solid, firm rock, with 

partial timbering 

2. In BoUd rock, witu liglit tim- 

bering 

8. In soft ground, with stoat 

timbering 

4. In very heavy, soft ground, 

with very stout timbering. . . 



Metre. 
6 to 10 
15 to 20 
30 to 85 
20 to 25 



Metre. 
10 to 12 
20 to 25 
85 to 40 
80 to 85 



If there is 
bn tone start- 
ing point. 



Metre. 
5to6 
8 to 12 
12 to 18 
8 to 12 



If there are 

more starting 

pointa. 

Metre. 
4 to 5 
6 to 10 
10 to 12 
6 to 10 



HAULtNO THROUOH HBADIKO. 



Heading of 7 
to 9 eq. m. 



Metre. 
12 to 15 
20ta25 
40 to 50 
85 to 40 



BNLAB0KMKNT. 



If there Is 
bat one start- 
ing point. 



Metre. 
6to8' 
10 to 15 
15 to 20 
10 to 15 



If there are 

more starting 

points. 



Metro. 
5to6 
8 to 12 

12 to 15 
8 to 12 



This table is based on statements of European engineers. The cross-sectipn area of 
tunnel is assumed to be 50 to 56 square metres. The figures for progress, if materials are 
hoisted through a shaft, are for a maximum depth of 100 metres ; they would be perceptibly 
diminished with increased depth of shaft. 

KiSiha has compiled the following table:^ from various records of European work to 
show that the rate of advance per month attained in construction is apt to be greater in long 
than in short tunnels. This follows from the fact that generally a certain time, approximat- 
ing as nearly as may be to the completion of the other portions of tlie railroad, is fixed by 
contract for the completion of the tunnel, and means must bo found to keep within it. More- 
over, with very long tunnels, there is generally a premium offered for rapid work, and a for- 
feit stipulated if the work is not completed within a certain date. The table is unique and of 
great interest. 

Owing to the fact that, in America, our tunnels are generally under 1500 metres in length, 
we cannot as yet have so wide a basis of comparison. Still, we know, from general experi- 
ence, that the rule holds good here also. 



* From A. Lorenz's "FOrdernng bei Tunnelbauten," Zurich, 1876. (Translated by Mr. F. Rinecker, C.E.. 
of Warzbnrg, Qermanj« for this work.) 

f 1 metre = 8-281 feet : 1 sq. metre = 10-7642 sq. feet = 1-106 sq. yards. 
t " Lehrbnch der Gesammten Tunnelbaukunst/' vol. ii , pp. 178, 174, 175. 
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TABLE 18. 






XAXB or TUKNBL. 



Highway, H.j Cana], C. ; 



i 


.d 


1 

d 


of Tunnel fln- 
d per Month. 


s 


^ 


« 


tM 


^ 


5 




r 



▲uTHOBirr. 



1 
2 
8 



4 

5 

6 

7 

8 

9 

10 

11 

IS 

18 



14 
15 
16 
17 
18 
19 

SO 
SI 



94 

95 
96 
97 



80 
81 



A, Tunnda not 100 Metres Long, 



Ltnfelflnger Fluh R.R. 

Aarbnrg '* 

Hecbeln " 



Switzerland Central R.R. 

ki kt «» 

Verelnlgte Schweiaer R.R. 

Arenwe 



1854 


58 


8 


6-9 


1855 


09 


9 


7-7 


1856 


83 


^ 
1 


n-8 



Prewel o. Kaainn'n, Ban d. Hanenst^n 



kt 



M 



8-8 m. =29 feet 



B. Tunnels from 100 to 200 Metres Long'. 



Obere Olattwand R.R. 

Bofleplatte 

Bdhl. 

Stutr 

Montretout 

Chalifert " 

Boouneletetn ** 

Haideldt ** 

Untere Glattwand... 
Welsswand 



it 



ti 



4( 



Yereinigte Schweizcr R.R. 



41 



41 



41 



44 
44 



Parla-Yerrailles R.R. 
Paris-Strawlmif^ R.R. 
Verciniste Schweizer R.R. 
French Northern R.R. 
Yereinigte Schweizerbahn. 

44 41 



1866 


107 


10 


107 


1857 


108 


14 


7-7 


1857 


118 


9 


12-5 


1858 


120 


18 


9-2 


1838 


168 


18 


130 


t • • • 


166 


18 


9-4 


1866 


17B 


18 


18-7 


• • • • 


184 


18 


10-2 


1858 


198 


9 


220 


1858 


900 


10 


200 



Preaeel nnd Kanflmann. 

44 44 



44 

44 



44 



Tonl-Fontenay, Tnnnel de St. Cload. 
Zeitochrift f fir Baawesen, 1802. 
Preseel and Kaufflnann. 
Zeitechiift fflr Banweeen, 1862. 
Preeael and KanJRnann. 



44 



4« 



Average 12-8 m. = 42 feet 



C. Tunnels from 200 to 400 Metres Jjyag. 



Ippena R.R.;BnmBwickR.R. (Ger.). 

Revin. CjMaasCanal. 

HoffmflhI R.R Paris-Strawbaig R.R. 



Standenhom 

Ofeneck r 

Yenables.... 



41 



44 



Pipor 

Chalifert C. 

Rohrlacb R.R. 

Hant Barr 

SchOnhat 

Wiebeleklrch " 

Lazeme 

BatignoUes I 

Roeenatein 

Hommerich '* 

Liverdnn C. 

BasRhinI R.R. 



44 



44 

14 



44 



Yereinigte Schweizer R.R. 

44 44 44 

Ronen R.R. 

SwiM Central R.R. 
Marne Canal. 
SUesian Mountain R.R. 
Paria-Straeebarg R.R. 
SUesian MounUin R.R. 
Rhine-Nahe R.R. 
Swiss Central R.R. 
French Western R.R. 
W11rtcmbersR.R. 
Rhine-NaheltR. 
Mame-Rhine Canal. 
Paris-Strassbarg R.R. 



1869 


210 


9 


28-7 


1838 


218 


29 


7-4 


• • ■ • 


247 


48 


5-2 


1858 


248 


8 


310 i 


1858 


260 


9 


27-7 


1841 


965 


90 


13-2 


1865 


270 


14 


19-3 


1842 


200 


46 


6.0 


1865 


294 


14 


21 


• ■ • 


804 


47 


60 


1865 


807 


18 


171 


1857 


812 


96 


ISO 


1857 


819 


18 


17-7 


• • • V 


833 


18 


18-5 


1844 


868 


18 


20-1 


1857 


888 


92 


17-6 


1889 


360 


57 


6-6 


• • • • 


400 


86 


111 



Stattgarter ElsenbahnzeitDXig, 1849. 
Zeitschrift fflr Baawesen, IMS. 
Presael and KaoAnann. 

44 44 

Zeitschrift d. hannoverschen Y. d. 

Ing. lY. 
Pressel nnd Kanffmann. 
Stattgarter Eisenbahnzeitang, 1849. 
Zeitschrift fflr Baawesen, 1808. 

1882. 
" " " 1868. 

4k 44 44 YHIA, 

Pressel nnd Kanfltauum. 
Zeitschrift fUr Baawesen. 1862. 
Stnttgarter Eisenbahnzeitang, 1849. 
Zeitschrift fflr Baawesen, WSL 
Stattgarter Eisenbahnzeitang. 1849. 
Zeitschrift fflr Baawesen, 1802. 



Average 15-7 m. = 514 foet 



D. Tunnels from 400 to 600 Metres Long, 



89 


lArschwlller n... 


c. 


88 
84 


Lfltzelbarg 

Chezy 


K.R. 


85 


Aaraa 


44 


86 
87 
88 


Tdarville 

Bildstock 

BasRhin 11 


44 
44 
4k 


89 


St Cloud 


44 


40 
41 
49 
48 
44 


Rive de Qier 

Triebitz 

Bargdorf 

Oberaa 

Han 


c. 

R.R 

44 
44 

V.V.V...C. 


45 


P»«ny 


R.B. 



Mame-Rhine Canal. 
Paris43tiassburg R.R. 

4t t« 44 

Swiss Central R.R. 
Ronen R.R. 
Saarbrflck R.R. 
Paris-Strassbaig R.R. 
French Western R.R. 
Canal Givors. 
Pragne-Olmfltz R.R. 
Swiss Central R.R. 
Leipzig-Dresden R.R. 
Maas Canal. 
Paris-StrasBbnig R.R. 



1840 


410 


57 


61 


» • • • 


489 


68 


8-4 


■ ■ a • 


463 


32 


14-1 


1856 


465 


18 


258 


1841 • 


465 


18 


25-8 


• • • • 


480 


• • 


18-6 


• ■ • • 


498 


48 


10-3 


1887 


604 


15 


83-6 


irro 


606 


86 


140 


1842 


510 


29 


176 


1855 


510 


94 


21 8 


1837 


512 


89 


160 


1888 


654 


34 


16-8 


■ • • • 


572 


88 


17-8 



Stattgarter Eisenbahnzeitnng, 1849. 
Zeitschrift fflr Baawesen, 1888. 



4t 



Pressel and Kanfflnann. 
Zeitsch. des hannov. Yer. d. Ing. lY. 
Zeitschr. fflr B. H. n. S. W., ISR*. 
Zeitschrift fflr Baawesen, 1862. 
Toni-Fontenay, Tunnel de St Cloud, 
liinard, Cours do construction. 

Pressel and Kanfihiann. 
Romberg's Zeitshrif t, 1848. 
Stuttgarter Eisenbahnzeitang, 1849. 
Zeitsclirif t fflr Baawesen, 1861. 



Average 17*5 m. = 574 feet 



46 
47 
48 
49 
50 
51 
6i 
58 
54 



E. Tunnels from 600 to 1000 Metres Long. 



D'Armentier. R.R. 

Colancelle. 

Duich die Prag R.R. 

Feng C. 

♦Sjtwood RR. 

tNaens. " 

Kirchheim am Neckar. ** 

Cumptieh 

Nanteuil 



Paris-Strassbnrg R.R. 

Wflrtemberg R.R. 
Mame-Rhine R.R. 
London-Dover RR. 
Branswtck R.R. 
Wflrtemberg RR. 
Louvain R.K. 
Paris-Strassbnig R.R 



• • • • 


666 


84 


187 


• • • • 


780 


16 


600 


■ * • • 


881 


21 


895 


1839 


868 


46 


16-8 


1842 


873 


12 


72-8 


1861 


879 


87 


237 ' 


• • • • 


885 


21 


27-8 


1885 


926 


24 


88-5 


• • • • 


944 


41 


230 



Avwage. 
* This tnnnel waa driven with two portals and twelve shafts. 



Zeitschrift fflr Baawesen, 1862. 
Pressel and KauffOiann. 
Stuttgarter Eisenbahnzeitang, 1849. 



44 



Slmms* Practical Tunneling. 

H£iha. 

Stuttgarter Eisenbahnzeitang, 1849. 

Minard, Cours de constractloii. 

Zeitschrift fflr Baawesen, 1862. 



84-7m. = IHfeet 

\ This tunnel was driven with one portal and on* abaft 
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i 



S5 

56 
57 
58 
59 
60 
61 
69 
68 
64 



65 
66 
67 
68 
69 
70 
71 
7* 
78 
74 



75 
76 
77 
78 
79 
80 



81 
8» 
83 

84 



KAXE OF TUmiXL. 



Highway. H. ; Canal, C. ; 
Railroad, B.B. 



6 



8 



I 

V 



I 

a 
o 

a 






▲UTHOBITr. 



i^. Tunnels from 1000 ^ 2000 J/d^r^« Z<w^. 



Ctiaroime R.R. 

Pong " 

BeUeville " 

Biechlngly *• 

Torey C. 

Charleroy " 

Lioran H. 

Semmering Main T 

Terre Noire R.R. 

Roale 



Parifl Connection R.R. 
Paria-Straasbnrg R.R. 
Paris Connection R.R. 
London-Dover R.R. 
Centre Canal. 
Charleroy Canal. 
National Highway. No. 196. 
Vienna-Triet«te R.R. 
Lyon-St Etlcnne R.R. 
Rouen R. R. 



• • • ■ 


1090 


99 


46-4 


■ ■ • • 


1191 


87 


80-8 


• « ■ • 


1195 


29 


611 


1840 


1911 


94 


57-6 


1787 


1967 


94 


50-8 


1898 


1988 


48 


96-8 


1880 


1886 


80 


17-8 


1840 


1480 


86 


89-7 


1896 


1500 


m 


417 


1841 


1790 


90 


85-4 



ZeitBchrift Ar Bauwescn, 1889. 

(I ti »* (t 



(I 






M 



(I 



Simms. 
Minard. 



». 



StnttgarterEiienbahnzeltaiig, 1849. 

Minard. 

Stuttgarter Elienhahnzeitong, 1849. 



Avexagc 44 -7 m. = 147 feet. 



G. TunneU from 2000 to 3000 Metres Long. 



Liverpool R.R. 

Klleby •* 

Arschwiller I .C. 

Hauenetein R.R. 

Harecaetle I C. 

Harecastlell " 

Rolloboi? R.R. 

Arschwiller. " 

Bliaworih C. 

Box 



Liverpool-Manchester. 
London- Birmingham. 
Mame-Rhine Canal. 
Swiss Central R.R. 
Grand Trunk Canal. 



(* 



Rouen R. R. 
Paris-Strassbozg R.R. 
Grand Junction Canal. 



« • • 


9095 


91 


84-8 


1834 


9«)4 


48 


459 


1839 


2950 


T3 


81 9 


1853 


9406 


60 


41-6 


1770 


9600 


84 


80-9 


i8!;:s 


9680 


60 


59-6 


1841 


9649 


94 


1100 


• « • • 


9678 


93 


998 


1796 


98S0 


84 


88-5 


• • • • 


9850 


48 


598 



Minard. 

Stuttgarter Eisenbahncdtong, 1849. 

Prcssel and Kaoffmann. 

Minard. 



4( 



Stuttgarter Eiaenbahnzeitung, 1849. 

Zeitschrlft f &r Bauweaen, 1809. 

Minard. 

Preasel and Kauflmann, 



Avenge 61 -9 m. = 170 feet 

H. Tunnels from 3000 to 4000 Metres Long, 



Marley R.R. 

Poully C. 

RlUy R.R. 

Sooseey C. 

Thames-Medway 

Sapperton 



*( 



Leeds-Manchester R.R 
Bonrgogne Canal. 
Parls-Sfrassburg R.R. 
Bourgogno Caiuil. 
Thames-Medway Canal. 



*i 



»k 



■ • • • 


8073 


86 


85-8 


1894 


8880 


96 


84-6 


« • • • 


8450 


40 


86-9 


189S 


8591 


81 


490 


1899 


8G90 


36 


100-6 


1788 


3880 


78 


63-9 



Minard. 

ZeiUchrlft fOr Banwesen, 186B. 

Minard. 



i4 



Average 66-9 m. =919^ feet 



/. Tunnels from 4000 to 6000 Metres Long. 



Blaisy R.R. Farls-Lyon R.R. 



La Nerthe 

Mau\-fege C. 

Riqneval *' 



Avignon -Marseilles. 
Mame-Rhine Canal. 
St. Qucntin Canal. 



1846 

* « « • 

1840 
1803 



4036 


39 


1060 


4<B8 


48 


96-4 


4800 


89 


58-5 


5675 


84 


68-7 



FOrfter*s Banzeituiig. 

Stuttgarter BiBenbahnzeitong, 1849. 

Minard. 



k« 



%^ 



Average sa-lm. =9S9feet 



85 INoirien. 



K. Tunnel more than 6000 Metres Long. 

.C.iStqucnttn Canal. | 1899 12000 | 84 | 149-8 |Minard. 



Tunneling with the Higher Exflobives. 

As to the use of the higher explosives in tunnel-work, there cannot as yet be given any 
rigid limits with reference to cost or rate of progress. In Chapter VI. will ^be found 
full accounts of the construction of the six prominent modem tunnels in the United States 
and Europe. In them all, except the first (Nesquehoning), nitro-glycerine in some form was 
used, either pure or in combination as a dynamite. These tunnels must be taken as the best 
types that can as yet be offered of such work.* 

Blasting with high explosives offers the pointed advantage that, owing to their great 
strength, the holes can be set either perpendicularly to the face — i. ^., in the line of least re- 
sistance—or at a very acute angle, while we have seen that, in general, black powder must be 

* And see notes on the performance of rock-driUs and explosives at HeU Gate, pp. 252 and 800 of this work. 
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charged at an angle of 45° or less in firm, unfissnred rock. In Europe, this property has led 
to the holes in a narrow heading being set normal to the face, with no bearing ; and in 
America, though holes normal to the face are not the rule, deeper holes are drilled at a lesser 
angle than could possibly be taken with black powder. Now, were there space in this work 
for them, there might be given an infinite number of results of various trials that have been 
made as to the relative amounts of rock blasted in different materials with gunpowder and 
with the higher explosives ; but, after collecting a large quantity of these results, the values 
obtained are so conflicting, owing to the wide divereity of circumstances occurring, that the 
author of this work has concluded to here confine the discussion to the results obtained in 
tunnel-heading driving. 

In this coimcction, the reader is also referred to General John Newton's Annual Beports 
to the Chief of Engineers U. S. A., for 1873, 1874, 1876, 1876, on " The Removal of Ob- 
structions at Hell Gate," etc. ; and to a paper by Mr. Julius H. Striedinger, on " The Simul- 
taneous Ignition of Thousands of Mines," read before the American Society of Civil En- 
gineers, April 4th, 1877. See Transactions of the Society, Vol. VI., No. 162. Also, see " The 
Scientific American," Vol. XXXV., N. S., pp. 214, etc (September 30th, 1876), for a full 
illustrated article on " The Kemoval of the Hell Gate Eocks ;" and *' The New York Herald," 
September 26th, 1876, and see performance of rock-drills and explosives at Hell Gate, p.252 
of this work. As to other submarine blasting, see Report of Major R. S. Williamson and 
Captain W. H. Heuer on " Removal of Blossom Rock, San Francisco Harbor." There are 
also a number of reports from other engineei*s in the TJ. S. sei'vice on submarine blasting; 
among them may especially be noted those of Mr. R P. North and L. W. Schermerhom in 
1876, and General Henry L. Abbot's exhaustive discussion on the comparative strength of 
explosive compounds when fired under water, and his discussion of electrical fuses. No. 23 of 
Professional Papers of the Corps of Engineers, U. S. A., 1881. See also paper on " The 
Method of Blasting Rock for the Lyttleton Harbor Works at Canterbury, New 2Iealand," by 
George Thornton, '^ Van Nostrand's Magazine, vol. xxi., p. 77. 

See also for " Rules for Blasting," etc., the following references : Gillespie's " Roads and 
Railroads," p. 61; "Civil Engineers' and Architects' Journal," vol. H., p. 256, July, 1839; 
'^ Tlie Mechanics' Magazine," vol. xxxiii., p. 597, 1840; "liondon Mechanics' Magazine," 
vol. xlvi., p. 407, April, 1847, and p. 455, May, 1847 (this last reference is to some experi- 
ments on the comparative strength of gun-cotton and gunpowder). 

See also the "Manufacturer and Builder," September, 1882, p. 206, article on "Blast- 
ing by Quick-lime Cartridges," and the " Engineering and Mining Journal," New York, 
December 16, 1882, vol. 34, p. 319, for notes from a paper by Arthur Sopwith on trials of ^ 
blasting with the " Lime Process " in England. 

• 

Record of Heavy Blasts. 

The following references contain records of heavy blasts that hare been made : " Blast* 
ing at Holyhead," see "Civil Engineers' and Architects' Journal," vol. xxiv., February, 
1861; also vol. xix., p. 101; at"Fumes8 Granite Quarry," "Civil Engineers' and Archi- 
tects' J(virnal," vol. xv., p. 400 ; at " Abbot's CliflE " and " Round-Down Cliff," Dover, 
" Civil Engineers' and Architects' Journal," vol. vi., pp. 68, 165, and 398, 1843 ; at 
"R(Jund-Down Cliff*," Dover, " Mechanics' Magazine," vol. xxxviii., p. 62, London, July 
24th, 1843 ; in Algiere, " The Builder," May 18th, 1850 ; at Isle of Wight, " Mechanics' 
Magazine," London, vol. Iviii., p. 90, 1853 ; at Seaford, *' The Builder," vol. viii., p. 453, Sep- 
tember 21st, 1850; at "Downhill," "Civil Engineers' and Architects' Journal," vol. ix., 
p. 253, 1846; at "Acre Flat," Dover, "Civil Engineers' and Architects' Journal," vol. vi., 
p. 187; on the Clyde, "Iron," vol. vi,, p. 619, 1875; at the Furnace Granite Quarries, 
"Iron," August 16, 1879, p. 194; the Great Blast at Glendon, "Transactions American 
Institute of Mining Engineers," vol. vii., p. 266. 
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AIR-COMPRESSORS AND MACHINE ROOK-DKILLS.* 



PART I. 
AlR-COMPRESSORS. 

In treating the subject of air-compressors, it has been deemed well to divide this chapter 
into the following sub-heads : 

Uses and Applications of Compressed Air; Early Compressors ; Discussion of the various 
Systems employed in Designing, Constructing, and Operating Compressors ; Description and 
Illustration of the later forms of Compressors upon the Market ; Discussion of Indicator Dia-: 
grams from various Compressors, showing the Faults of the Machines from which they were 
taken ; Instruction for Setting Up and Using Compressors ; Efficiency of Air Compressors ; 
Loss in Transmission ; Capacities of Compressors ; Lists of American and British Patents up 
to July 1st, 1881 ; Lists of Books, Papers, and Newspaper Articles upon Air-Compressors 
and the Employment of Compressed Air. 

Uses and Applications. 

Air under pressure is employed for the transmission of power, as the principal or 
auxiliary of various industries, in mines, in quarries, well-driving, building bridge piers, in 
tunneling, in the production of cold, in sugar-making and refining, and various chemical 
works, the manufacture of iron and steel, for ventilating mines or buildings, for transmitting 
letters or packages in pipes placed underground or otherwise, in driving clocks, street cars, 
yachts, torpedoes, etc., etc It makes no dirt, and liberates no oifcnsive gases. For the 
transmission of power it has the advantages over steam that it can be carried for any distance 
without losing any power by condensation or cooling ; it is drier and cooler than steam ; and 
in mines and tunnels, instead of rot ting. timbers and heating the galleries, it gives good forced 
ventilation by good, pure, cool air. It can be applied in any direction and around comers ; 
and, by the use of flexible pipes, may be moved as the work changes ; it may be used eco- 
nomically and applied with little loss from friction. As an instance of this last, it is said that 
in the Hoosac tunnel air was carried 7150 feet in 8-in. iron pipes, its pressure falling from 67 
pounds only 2 pounds. 

Eably Compbessors. 

Ctesibus, 3d century B.a, discovered that air was compressible, and his pupil. Hero of 
Alexandria, wrote a book to prove it, and made the first recorded experiments on compressing 

* The author is indebted to Professor De Yolsom Wood, and to Dr. Robert Grimshaw, for much assistance in 
the study and elaboration of matter in this chapter. Also to many of the leading manufacturers of Rock-Drilis 
and Compressors throughout the United States and Europe, who have placed at the author's service many draw- 
ings and much information, otherwise unattainable. 
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air ; but from that time till Papin's date (17th century), when the latter proposed its use for 
running engines, but little was heard of it. 

In 1650, Otto Von Gucricke invented the air-pump.* In 1726, Rowo took out a patent 
in England for raising water by generated, expanded, or compressed air.t In 1753, HoU, at 
SchemnitZjJ used an " nir-engine," which, in the Amalia shaft, raised from 9120 to 10,914 
buckets of water daily to the level of the Dreifaltigheit adit, a height of some 16 Klafters 
(114 feet). In 1757, Isaac Wilkinson patented a method of compressing air by the use of a 
column of water having a series of vessels, using one after the other, so as to keep up a con- 
stant pressure. In 1810, the elder Bininel took out a patent for a machine which he describes 
as a vessel containing cold water, in which is fixed an Archimedian screw, by means of which 
the air is forced down to a suitable depth in the water. It then escapes into an inverted 
funnel, and thence through a pipe, by which it is conveyed to the lower part of a vessel con- 
taining hot water. In this vessel is an overshot-wheel, and the escape of the air from the 
conducting pipe is so directed that it ascends beneath the buckets of the wheel, where it was 
to produce, by its buoyancy, an effect of the same kind as would be produced by water 
delivered into the descending buckets of the wheel, if the wheel were placed in the open air 
instead of being immersed in hot water. The patent is, in fact, an attempt to obtain per- 
petual motion. 

Jones and Plimley took out a patent in 1818 for a kind of telescopic pump, the lower 
tube being filled with water to serve as a packing for the upper. 

In British patent No. 2299, Feb. 28, 1799, George Medhurst compresses air for motive 
power by means of a windmill. 

George Medhurst, in British patent No. 2431, Aug. 2, 1800, has a wild idea of an engine 
working by air compressed by wind, or by hand, or by gunpowder. 

April 29, 1828, Bompas, in a provisional British patent. No. 5644, proposed to propel 
locomotives by compressed air ; and, in the same year, it is said that Colladon proposed to 
Brunei to employ it in the Thames tunnel. 

June 1, 1829, Mr. William Mann, in British patent No. 6797, made a decided advance in 
the principles of air-compression. He states that, by the application of compressed air, power 
and motion can be communicated to fixed machinery, carriages, locomotives, and ships. 
After a general description of the application of his patent, he describes his method of 
pumping and compressing air, saying : " The condensing-pumps used in compressing the air 
I make of different capacities, according to the density of the fluid to be compressed — those 
used to compress the higher densities being proportionally smaller than those previously used 
to compress it at the first or lower densities," etc. 

James Surrey, in British patent No. 7179, September 1, 1836, claims the use of com- 
pressed air for steam for the purpose of working engines hitherto worked by steam, and 
suggests portable vessels filled with compressed air ; especially for railways, for which also he 
suggests having air-pipes running from station to station. 

William Lance, British patent No. 8541, June 11, 1840, claims the use of compressed air 
for throwing harpoons. 

1841 — No. 9038 — Von Rathen made the following claim : 

(1.) '^ Exclusive right of fabricating and preserving compressed air to be used as a pro- 
pelling power on locomotive-carriages or railroads, common roads, riners, or canals." 

(2.) (Here the claim was further made for transmitting the power from the magazine to 
the locomotive, etc.) 

• Ganot'B Physics, 2d Ed., p. 120. 

t Paper on "Air-Compression," by James Steel, C. E., " The Engineer/' London, vol. zli., p. 478. 

X Stapif, ''Ueber Gresteinbohrmaschinen," p. 76. 
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Later, in 1844, Caligny * published his idea of applying the principle of the hydraulic 
ram to compressing air. 

Arthur Parsey, British patent No. 10,352, Aug. 17, 1844, has a regulating valve between 
the reservoir and the chamber from whicli the air is drawn. 

In British patent No. 10,920, Nov. 4, 1845, J. E. Atha compresses air by a windmill. 

Sir J. C. Anderson, June 29th, 1846, No. 11,273, suggests that when a locomotive car- 
riage descends by gravity, air-pumps shall be set at work to compress air that will be used as 
an auxiliary to mount the ascent. 

October 7th, 1847, No. 11,897, Eichard and James Fell — Compressor and receiver or 
reservoirs for storing the air along the track of a railroad. 

Again, in the English patents we find: Nov. 2d, 1847 — No. 11,932 — ^Von Eathen 
describes the process of cooling the air by water in the cylinder, or by surrounding the 
vessels with cold water. He also describes a reseVvoir for storing air, a refrigerator for cool- 
ing the air after its compression, and a mode of heating the air to give it greater tension after 
it is compressed. 

In 1852, Colladon patents its application for driving machine drills in tunnels, at present 
one of its most important applications. 

In 1854, the same patentee, however, describes a method of pumping air in which he 
claims tlie construction of end- valves, so as to cover the whole end of the cylinders to which 
they are applied, and repeats Mr. Mann's process of stage-punjping (patented twenty-five 
years before) in the following words: "The construction of air-pumps with a series of 
cylinders progressively diminishing in capacity." 

N. Seward, in British patent No. 940, December 3d, 1852, claims compression of air by 
the action of the flow of the tide, or fall of water, using a series of chambers. In order to 
aid the compression he suggests the explosion of ganpowder gas in the chambers. 

James Anderson, British patent No. 435, Feb. 19lh, 1853, employs water jets to cool the 
compressed air, and afterwards heats it to increase its elasticity. 

Moses Poole, in a communication, British patent No. 692, March 21st, 1853, absorbs the 
heat compressed by the water jet, and sapplies the heat which is absorbed when the air is 
expanded, by artificial means. 

1853 — No. 2295 — J. H. Johnson — Communication made by Sommeiller as to his 
hydraulic compressor. 

By a patent in 1853, a Mr. Anderson claims to be the first to inject cold water into air- 
pumps to reduce the temperature and bulk of the air to be compressed. He says : " The air 
or other matter employed for obtaining motive power is principally condensed to a consider- 
able extent, while a jet of cold water is employed to cool or reduce the temperature of the 
body being compressed. This treatment economizes the power employed in the compression, 
by annihilating the evolved heat." 

In 1853, Piatti submitted several projects to the Italian ministry relative to the con- 
struction of the Mt. Cenis Tunnel, which treated especially of the employment of water- 
power to compress air for a motor for rock-drills in driving the tunnel, and for running 
trains through tlie tunnel both during its construction and afterward. 

Previously to this, however, in 1852, Colladon filed his petition for a patent in Italy for 
the use of compressed air in running machine-drills in a tunnel.t To Colladon, in fact, is said 
to be due the essential features of the compressor systems of Mt. Cenis and St. Oothard. (See 
^^ Die Maschinellen Arheiten zur Durchhohrung des GotthardtunneU^^ by Prof. D. Colladon, 
Zurich, 1876, p. 13 ; also, " Rajjjnyrt Trhnestrid^'* etc.. No. 5.) A controversy arose between 

• Stapff, " Ueber Gesteinb.," p. 64. 

f It is said that Colladon, as far back as 1828, proposed to Brunei to use compressed air to keep the water out 
of the first Thames Tunnel. 
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Piatti and Caligny on the one side against Sommeiller and others as to the best system of 
compression. A report of the discussion will be found in the " Practical Mechanics' Journal," 
1865, June, p. 65, and 1866, January, p. 311. In March, 1854, Sommeiller, Orandis, and 
Grattoni were appointed to make* a set of experiments, which were discontinued ; they were 
resumed again in 1856 at St. Pierre d' Arena. Finally, the compressor systems of Mt. Oenis 
were established, and, as we have seen, the drills put to work in full during 1861. 

January 15th, 1854 — No. 88 — Arthur Parsey (British), double-acting air-pump with hol- 
low piston and rod, through which air is admitted above and below the piston. The valve 
may be as large as the cylinder. The rod passes through the valve and has a spiral spring to 
keep the valve seated. In this patent stage-pumping is mentioned. There is an air-reservoir 
for restoring air, being a vertical cylinder moving upon a fixed piston. Pumps work by 
locomotive engine when descending an incline, or stopping may be used to save power by 
compressing air. 

April Ist, 1854 — No. 745 — Frederick S. Thomas (British) distinguished himself by pro- 
posing to propel railway carriages by collecting air by a series of fans or blowing-machines 
worked by the wheels. 

In the British patent of John Chillcott Puraelle, No. 1641, July 26, 1854, there is 
proposed to employ a vacuum as a motive power. 

Frederick S. Thomas, October 4tli, 1854, No. 21,289 (provisional protection only) — A 
locomotive collecting, compressing, and expanding atmospheric air. Employing fans worked 
by the wheel-axles, and expanding this air by caloric. It is to be noticed that in the next 
patent the same ingenious gentleman wishes to obtain motive power by the well-known per- 
petual motion device of weighty balls approaching the periphery of the wheel upon the 
descending side, in the centre of . the wheel on the ascending side, the power, be it noted, 
being provided by the greater leverage on the descending side. 

Thomas Staunton, in a communication, British patent No. 2504, November 28th, 1854 
(provisional protection only), employs stage-pumping, and suggests driving locomotives by 
compressed air. 

Thomas Swinburn, June 27th, 1855, No. 1467, suggests a heavy wheel on railway 
driving-axles or a weighted fly-wheel attached to the compressing apparatus. 

The compressed air patent of Gilardeaii, British patent No. 2607, Nov. 19th, 1855 (pro- 
visional only), was practically for perpetual motion. 

J. H. Johnson (British patent No. 211, January 26th, 1856, communication from J. P. 
L. F. Datichy) suggests having a small engine and boiler on the main framing of the locomo- 
tive, to work double-action air-pumps compressing the air into a reservoir, intending to work 
the pumps during the stoppages at stations. 

J. A Longridge, British patent No. 1470, June 23d, 1856, is for motive power in 
mines. 

Augustin Grass, Jan. 2d, 1857, No. 21 (provisional protection only), obtaining motive 
power by a steam-engine pumping air into a reservoir connected by a coil of tubes in the 
boiler furnace. The air in the coil becoming heated and highly elastic, to be used in an air- 
engine. 

James Harris, in British patent No. 25, January 2d, 1857, proposes in addition to com- 
pressing air to be used at a distance in air-engines, exhausting it. 

March 13th, 1858 — ^No. 614 — John Jameson (British) patent on a series of cylinders, 
the upper part heated by a flue, and the lower cooled by a water cistern. The plunger of 
each cylinder is hollow, and stufEed with charcoal or other bad conductor, and having air- 
passages tilled with pieces of fine wire. The lower ends of the cylinders communicate with 
the lower end of the next by passages having check-valves. The last cylinder communicates 
with the last air reservoir. 
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J. S. DaweB, in British patent No. 2503, June 9th, 1858, snggeBts portable reservoirB of 
compressed air to be used in driving agricultural engines. 

J. T. Pitman, in a communication from W. A.Ro3^ce, British patent No. 1965, September 
2d, 1858, employs the lower end of the piston-rod as a pump, to force water through the piston. 

Wright and Mercer, in British patent No. 2530, November 11th, 1858 (provisional only), 
work a series of pumps by eccentrics, so that the pump strokes follow each other in regular 
order, and then use the condensed air in working the engine, power of which is communi- 
cated to the shaft by which the pumps are worked. 

J. W. Hart, in British patent No. 318, February 4th, 1859 (provisional protection not 
allowed), is to force air and water by the turning of a slottled tube having a coil of sheet 
metal wrapped around it, and immersed in a chest of water. 

W. H. Crispin, British patent No. 341, Feb. 7th, 1859, compressing air by pendulum 
vibrated by the motion of the ship. 

James Tangye, in British patent No. 2325, August 12th, 1859 (provisional only), 
intended to compress air in reservoirs, and distribute it by pipes. 

George Lough, in British patent No. 2819, December 12tli, 1859 (provisional), proposes 
for the air-pump piston a hollow coni(?al saddle having an india-rubber disc, with its edge covered 
with a leather belt, and the air, after having done its work, is sent to an air-tight fire-place. 

John Jameson, British patent No. 72, January 11th, 1860, improved his patent No. 514, 
of 1858, by employing different reservoirs, receiving compressed air from the cylinders when 
heated, and giving it back to the cylinder at the end of the stroke. 

D. Ruehet, J. Von Wilier, and F. Seller, in British patent No. 119, January 17th, 1860, 
proposed to rotate a bucket-wheel by means of compressed air, and also to compress air by 
the reversal of the machine. 

In the British patent of Barton, Shepherd, and Evans, No. 630, March 8, 1860, air is 
forced into a heating furnace, to be used as a motive power. The forcing is accomplished by 
a number of balls which fall upon pistons, and are worked again by a screw, presumably 
worked by the engine. 

J. Williams, in British patent No. 2779, November 13th, 1860, proposes to get motive 
power by sinking a shaft, at the bottom of which are to run horizontally a series of circular 
tunnels, the air in which is compressed by the entrance of water. The peculiar part of this 
patent is that the tunnels are to bo emptied of water by again forcing air down ! 

F. H. Edwards — December 7th, 1860, No. 2999 — A cylinder, the lower part furnace- 
heated, and tlie upper part water-cooled. The plunger was encircled by a belt of fine wire to 
absorb the heat of the ascending body of air, and to heat the descending body. The air is 
obtained from a reservoir of low-pressure compressed air, passing nearly cold in the higher- 
pressure reservoir, and after working an engine, returning to the lower-pressure reservoir. 

Richard Feely — September 13th, 1861, No. 7228 — ^Provisional protection on compress- 
ing and rarefying air to obtain a motive power, a part being applicable for cooking. 

II. A. Jowett, in British patent No. 2110, July 25, 1862, proposes compressing air by 
water power, and carrying it long distances in pipes, having sliding- valves at regular intervals, 
to test their tightness, and plugs at suitable stations, which will yield motive fluid to drive 
firo pumps. 

C. P. Stewart and John Kershaw, in British patent No. 1092, April 30, 1863, propose 
actuating a bodj^ of water by a horizontal piston worked by a duplex steam-engine, having 
several vertical vessels in which the compression is gradual. The air is to be utilized in a 
compound air-engine. 

T. T. Coughin, in British patent No. 1741, July 13th, 1864 (provisional only), proposes 
stage-pumping with pumps having progressively diminishing diameters, and worked by 
toothed wheels, the teeth ot which increase in number as the air pressure increases. 
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John H. Johnson — February 9th, 1864, No. 345 — communication from Eugene D. Hubart, 
took out British patent on working pistons and cylinders by compressed air, expanded by heat 
before entering the valve-box, employing a portion of the power in forcing fresh air into the 
main receiver. The working piston-rod carries a second piston working in an air-pump, and 
forces air into a receiver with three valves, of which one of them opens the air-passage when 
the pressure decreases, and shuts it when the pressure is sufficient. The second is a safety- 
valve, and the third is acted on by the engine governor. 

^ W. A. Turner and T. T. Coughin, in British patent No. 3140, December 17th, 1864, 
obtained provisional protection on stage-pumping, thei'e being reservoirs between the pumps. 

Handel Moore, in British patent No. 242, January 27th, 1865 (on which provisional pro- 
tection was not allowed), proposed to work ships' pumps, capstans, etc., by compressed air, 
turning the exhaust into the stoke-hole to cause ventilation. 

M. P. W. Boulton — July 22d, 1865, No. 1915 — ^passes the valve-rod through water-cooled 
chambers, cools the heated air by injecting water, etc. 

M. A. F. Mennons, January 27th, 1866, No. 267, acting for Nicholas de Telescheff, took 
out British patent on an apparatus communicating with the reservoir by means of two tubular 
columns with stop-cocks, and employs gaseous product of combustion to efEect expansion and 
compression of air. 

A. V. Newton, British patent No. 684, March 6th, 1866 (a communication from J. B. 
Atwater), claims forcing air out of a cylinder, or compressing it in a cylinder, by steam. He 
is to employ a revolving cylinder communicating with a rarefying cylinder drawing steam at 
one pound pressure from a boiler. The air heated in the rarefying chamber goes to work a 
hot-air engine. 

In 1869, Marchant proposed to use compi^essed air with water for the purpose of making 
steam and to reheat the air, with some wild idea of inciv-asing power. 

In 1874, William Johnston, now of Philadelphia, pix>posed and used a series of concen- 
tric cylinders revolving upon a fixed axis and having the lower halves filled with water, the 
face of which served as the bottom of the pump ; and in this machine, as in the later modifi- 
cations thereof, stage-pumping was employed. (See later description and illustrations, p. 168.) 

In the United States patent granted December 23d, 1879, to W. P. Tatliam, of Phila- 
delphia, there is a steam and an air piston, each reciprocating in a cylinder, and a double- 
armed rock-shaft, connected witli the steam and air piston-rods, these members being com- 
bined for joint operations to compress air under a decreasing leverage of the air-piston arm, 
and a corrcspondingly increasing leverage of the steam-piston arm. , 

Some of the early patents quoted under the head of air-compressors may seem almost 
ridiculous, but it has l>een our object to give all, as some of them contain ideas that have been 
unwittingly re-patented time and again. 

Robert F. Grisby, Rosario, Mexico, patented a method of lubricating the working parts 
of air-compi*cssors by means of water containing carbonate of soda and borax, or other sub- 
stances, to prevent oxidation of the cylinders. The proportions suggested are, water 900 
volumes, oil 94, c4irbonate of soda 6 parts, borax 1 part. 

Many efforts are being made in meeting the gix>wing demand for air-compressing 
machinery in this country, to increase their' efficiency by special design and special 
appliances. Aside from modifications and improvements in the earlier class of machinery, 
some new designs have been brought forward at a more recent date. 

TARiors Systems. 

Differences in usage in designing and making air-compressors are based upon about 
nine elements — position of cylinder, whether vertical or horizontal ; tlie employment of water 
in the cylinders as a cooler and lubricant ; fast or slow speed ; the application of power direct 
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or by cranks ; the use of high or low pressarc air ; the method of governing the supply of air ; 
the use of cold air of uniform temperature; single cylinder or stage-pumping, and the use of 
positive moving valves or those opening by the pressure of the air only. The impartial 
critic in carefully reviewing the field, can scarcely award to any one compressor, or even to 
one of these elements, the merit of absolute perfection for all circumstances ; for each sys- 
tem and each element have certain advantages and disadvantages, which may apply in one 
position and not in another. We give below a statement of the merits and demerits claimed 
for each, and the reader may judge for himself which system or which machine will best suit 
his particular conditions. 

In every machine all moving parts should be carefully balanced, and the weight of the 
crank-shafts and fly-wheels, where these exist, should be distributed equally over the bearings. 

Horizontal machines have the advantage that the weight is kept low. The cylinder can 
be made double-acting with the valves at both ends acting exactly alike ; while in vertical 
machines made double-acting, the operation of the valves at each end would be reversed, the 
inlets at one end closing with their own weight, and at the other end the weight being 
against the closing, this being the same with the outlet valves. Horizontal machines can be 
made of much longer stroke than is practical with vertical madiines, thus lessening loss at 
each end of the stroke from clearance and seating of valves. They may be made with air and 
steam pistons upon the same rod, which is not practical, or at least not common, M'ith vertical 
machines, except those having very short strokes. This point, however, is subject to that as 
to straight line versus crank compressors in general. It is claimed that in horizontal 
machines the water circulation can be more equally distributed than in vertical, and that the 
water can be carried off without dripping on the cranks and other working parts, and causing 
an unsightly mess. 

Compressors are known as either wet or dry, according as water is or is not employed in 
the cylinder for lubricating and cooling. Dry compressors had at first the disadvantage that 
the valve could not be kept tight, and' that the valve stems broke from constant slamming. 
These troubles are now avoided by the employment of rubber discs for valve faces and 
cushions. 

While there is no doubt that the air can be kept cooler in a wet than in a dry com- 
pressor, and that the wet will give better results in regard to economy than the dry, still 
there are advantages in the dry compressors that the wet do not have. Air from wet ma- 
chines is constantly saturated with water, and more or less water is carried along with the air 
in the pipes. 

In wet compressor there is this advantage, that the piston is exposed to water leakage 
only. There is the great disadvantage that the heat of compression vaporizes a portion of the 
water, which is carried through the compressed air and condensed, or even frozen, blocking 
up the exhaust passages of the rock drills, etc. This watery vapor also reduces the ca- 
pacity of the compressor. 

That class of wet compressors with trunk pistons, in which the inlet valves are in the 
piston, and the discharge valves at the bottom of the compressing cylinder, and in which 
water enters with the compressed air into the reservoir, can only be made single-acting, and 
hence have not come into very general use. 

The Sommeiller and Dubois systems have the advantage that they compress the air 
cool ; and they can use leather or rubber valves, which are less liable to accident than metallic 
valves. These machines are durable, and not so complicated as others, but they have the 
disadvantage of slow piston speed, as a body of water under pressure of 4 or 5 atmospheres 
cannot be moved more than about 160 feet per minute without considerable loss of the mo- 
tive force employed. There is also this disadvantage that the whole weight of the body of 
water contained in the compressing cylinder has to be lifted at each stroke of the piston 
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against gravity and an increasing pressure, to replace the volume whicli the air ordinarily 
occupied, as well as drawing it behind at the return stroke. It follows that they have to be 
very large in proportion to the compressors, which with the full supply of air could i*nn with 
3 or more times the speed. 

Tliose who are not in favor of conveying all the power through the main shaft, are op- 
posed to it on the grounds that it causes a heavier loaded friction than would be the case if 
the air and steam cylinder were mounted on the same rod, and only their differences in 
power and resistance allowed to reach the main journals ; that three main journals in lino 
are liable to have a pound or to run hot, and generally are a feature to be avoided. 

In opposition to the advocates of applying the steam power at the moment of greater 
resistance of the air under compression, there are those who claim that this really amounts to 
nothing, for the reason that if this critical point is balanced then another critical point is 
created when the steam is near the last of the stroke and has little power, and being near the 
centre has little command of the crank ; then the air-piston is on the beginning of its stroke, has 
moved some distance away from the centre, has considerable command of the crank, has some 
air pressure in front of it, and the removing parts are acquiring velocity and are hence calling 
for power, and at this point the fly-wheels are their only dependence. It is claimed by some 
that where steam and air pistons are mounted on the same rod any amount of power can be 
transferred from the beginning to the end of the stroke by simply using proper weight of parts. 

It is urged against those compressors liaviug the air-cylinder in close proximity to the 
steain-cylinder that the inlet air is liable to be much heated, so that a given weight of air 
will require more power to compress it. 

In those types of compressors in which the steam and air-cylinders are on the same line, 
with the pistons attached to a common rod, it is claimed by some that the steam has to 
follow full stroke in the. steam-cylinder in order to overcome the greatest resistance in the 
air-cylinder at the end of the stroke of the air-piston. 

The advocates of crank compressors claim superiority by reason of the greatest power of 
the steam-engine being at the point of greatest resistance in the air-cylinder; i. e.y at the end 
of the air-piston stroke. They can also use an adjustable cut-off in the steam-engine, thus 
■ using steam economically. 

In those cases where the cranks are at right angles to one another the machine is capable 
of compressing air up to double the steam pressure employed when the steam and air cylin- 
ders arc of the same diameter and the same stroke. 

Duplex crank compressors can be run slowly where desired, as the cranks are placed at 
right angles to e^ch other, and there is no dead centre. 

In air compression, many builders put the maximum admissible clearance between the 
piston and the cylinder-head at -^ inch, which can hardly be obtained with direct transmis- 
sion ; and with a crank motion can only be done by having some method of adjusting the 
length of the piston-rod so as to keep the piston working at the same distance from each head. 

Pump or plunger compressors are used much in German and Austrian mines, and very 
much liked, but are little used in the United States. They have the disadvantage that the 
moving of the large mass of water causes great loss in overcoming inertia, the violent shocks 
prevent running at high speed, and not only that, but they prevent the prime mover being 
run at a high speed without costly and power-wasting gearing ; they do not generally give 
pressure above 5 or 6 atmospheres, because the air takes up so much cooling water even at 
low tension, and the cooling water has very little effect. They have the great advantage 
that they are simple, have no dead spaces, and cost very little for repairs if run at the speeds 
for which they are intended. 

Single-acting compressors have the disadvantage that they require two compression 
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cylinders ; they require to be driven by indirect methodB, hence are apt to be cnmbensorae 
and costly, and in some cases the working parts are difScult of access. 

The valves of air-compressors require to have large area and small travel ; the area is 
generally from ^ to -fg- of the sectional area of the cylinder, and the travel is sometimes as 
small as '08 of an inch. 

For compressors to be run very fast it is necessary that the valve iarea be very large. 

As regards speeds, these vary from 300 to 500 feet per minute. 

The objections to high speed compressors arc (1.) that heat is rapidly accumulated in the 
cylinder. (2.) With dry metallic spring pistons there is loss of air from 7 to 10 per cent, 
and increasing largely with low piston velocity. (3.) Voidance of air from the cylinder 
during the closing of tho inlet-valves. (4.) Loss of effect of steam by reason of air passing 
from front to back end of the spring ring pistons. (5.) Eapid wear and tear of parts. 
(6.) Liability of the valves to break ; the force of tho blow increasing with the square of tho 
velocity. The disadvantages of low speed compressors are that the piston speed is low, the 
machine large in proportion, and the first cost high. 

Slow speeds have this disadvantage, that they allow the air time to take np the heat of 
the cylinder, and expand, and thus their capacity in weight of air compressed is limited. . 

Mb. Bobebt Allison states as the result of recent experiments made by him, as to the 
power given out by compressed air at pressures varying from 20 to 65 pounds, the test being 
made with a compressor driven by a turbine wheel, that with air at 20 pounds the com- 
pressor developed 49 horse-power ; with air at 40 pounds, 41 horse-power ; and with air at 
65 pounds, 30 horse-power. In each case the turbine in stated to have been nmning at full 
gait, and air allowed to blow off so as to keep unifonn pressure at each test. This would 
show a low-pressnre machine to give the best results simply as a compressor, provided the air 
cylinder is of the proper size. If the air were nsed expansively the loss would not be so great. 

It is very desirable that tliere should be some method by which the Amount of air fur- 
nished should be directly proportional to the consumption by the drills or other utilizers of 
compressed air. If possible, it is in most cases desirable that the consumption of steam and 
of fuel, or of other motive power, should also be directly proportional to the air consumption. 
To effect the regularity in the reservoir there are eeveral methods employed. By one of 
these pistons the compressor runs at a certain fixed speed, which is made sufScient for the 
greatest requirements of consumption. If the drills are stopped or tho other air consumers 
thrown off for any length of time, then the pressure rises in the reservoir until relieved by 
the safety-valve, which allows the air in excess of requirement to blow off into the atmos- 
phere, the compressor ceasing in its action and yet lessening its steam consumption. 

In another system, there is a proper valve closed or opened by the pressure in the air 
reservoir. Under this system the air-governor shuts off the steam and stops the compressor, 
fiy this method steam is not employed when all the drills are thrown out of use. There 
may be urged against this system, which instead of keeping the machine in constant motion 
consuming steam, stops it entirely, that it may not be ready for a sudden exhaustive call, and 
the steam-cylinder will be allowed to get cooled and give trouble with water of condensation. 

By another system, there is a lever controlled by tho air pressure in the reservoir, which 
lever lifts the suction-valves from their seats when the air pressure in the reservoir reaches 
the desired limit, thus allowing the air to blow back into the atmosphere, all load being 
thrown off the compressor, which is prevented from running away by an ordinary throt- 
tling steam-governor. 

This, again, is open to the objection that it -is wasteful of compressed air. In the dis- 
tance to do away with the disadvantages of those above mentioned, the air discharge pipe 
connects with the boiler or steam pipe, and in this connecting pipe there is a vsdve so regu- 
lated that whenever the air pressure rises above a predetermined point, this valve will open 
and allow the surplus air to escape into the steam. This excessive air, for the time being. 
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drives the machine and saves a certain volume of steam. By this system, when all the drills 
work, the compressing cylinder acts as a steam-engine pure and simple ; when part of the 
drills work, it is an aero-steam-engine ; when all the drills are stopped, it is an air motor 
engine. This system is open to the objection that it cannot be used in those cases where 
air of a lower pressare than that in the steam-cylinder is desired. 

In regard to regulation, some propose that the air and the steam cylinders should be so 
proportioned to each other that at no time should the air be fore^^d up to a pressure above that 
of the steam, and then by using a duplex machine it would regulate itself ; when the resist- 
ance of air was too much for the steam the machine would slow up or stop, and as soon 
as the air pressure was drawn down, the machine would start up slowly, and its speed would 
be regulated by the quantity of air used. 

It is claimed that compressing cold air instead of warm givea a gain. Considering the 
temperature of the air throughout the year in the Northern States to be 62 degrees, and the 
average temperature of engine-rooms 82 degrees, the advocates of taking cold air instead of 
that which has been warmed by a steam-cylinder and steam-pipes, claim that it takes from 
S^A ^^ 4^ P®'' cent more power to compress a given weight of air at 82 degrees to 60 
pounds than to do the same work upon air at 62 degrees. 

The low-pressure cylinder will have, say 100 square inches of area, and the high-pressure 
33|. In forcing irom the large cylinder into the small one, the air is given (nearly) 30 lbs. 
per square inch tension, by the gauge. Tlie resistance equals (roughly) 66t X 30 = 2000 lbs. 
On the return stroke, forcing from the small cylinder into the reservoir, the air at 30 lbs. per 
square inch in the small cylinder is compressed to 100 lbs. per square inch ; the greatest 
resistance in the small cylinder being 33^^ x 100 = 3333} lbs. This, added to the 2000 lbs. 
resistance of the first stage of compression, shows a total resistance of 5333^ lbs. Had the 
large cylinder only been used to effect compression to 100 lbs. per square inch, at one stroke, 
the resistance would have been 10,000 lbs., or 46f per cent greater. By having all on one 
heavy cross-head, the momentum stored up is given out when the steam gets weak. The air 
discharge valves in a single cylinder compressor have the full receiver pressure more than 
half of each revolution. In the compoimd the heavy pressure is upon small valves only. To 
lessen the effect of clearance there are two ways of doing ; the stroke may be made long 
and the piston run close, which is expensive, and requires careful watching, or tlio space 
may be filled with water, which prevents high speed, as the water gets churned to a foam, 
besides making ice in the exhaust of the drills or other machine using the air. The water- 
jacket has not time to fully cool the air, even if it were not rapidly covered by the advancing 
piston ; but it is a valuable auxiliary. 

There are many who think that while stage-pumping is highly desirable for pressure 
above 80 pounds, simple compression in any one cylinder answers all purposes and gives the 
best satisfaction for pressures below 80 pounds. 

Those who use injection water claim that by so doing they not only cool the air but 
lubricate the cylinder and discharge a little with the air, which, forcing the air ahead of it^ 
insures a complete expulsion of all the air after compression. 

Water-jackets on the sides and heads of the cylinders and the pistons have the advantage 
that they deliver dry air. They have the disadvantage that if the speed of the compressor 
be great, the time of contact of the air with the cooling surfaces is necessarily limited, being' 
less than one second. 

In reference to the lubrication of the air-piston, it is argued by some that it is absolutely 
necessary to inject water into the air-cylinder for lubrication, or to have an aimular space in 
the piston kept full of water to lubricate the walls of the cylinder. But it has been found 
by some builders and users of dry compressors that with gun-metal rings in the piston, simple 
lubrication with oil will keep the cylinders in first-class condition. This, of course, requiring 
that the walls of the cylinder ai*e kept cooL 
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There is this advantage in closing the valve at the centre of the stroke, that at this time 
the crank is almost upon its centre, and the motion of the rod is at its slowest ; thus the valve 
may be brought to its seat gently and without any violent concussion. 

In some machines the inner surface of the discharge-valves are rounded oflE so as to 
present an opening as nearly as possible approaching the form of the vena^ and tlius while 
giving large capacity, reducing the friction to a minimum. 

It is claimed by those who employ positive moving valves, that with poppet-valves in the 
cylinder-heads operated by springs, these latter lose their elasticity, and fail to operate, when 
the cylinder does not get completely filled with free air, causing a reduction in the amount of 
compressed air. 

There are cases in which positive moving valves may not give satisfaction. By reference 
to the indicator card A (p. 176), it will be seen that at the moment of closing the inlet-valve 
the vacuum was 8J pounds, and the pressure in the cylinder did not reach atmospheric press- 
ure until it had advanced about one-third of the retui*n stroke. In this case the positive slide 
cut off all communication with the atmosphere at the end of the stroke. 

It is claimed by those who prefer poppet-valves, that if a poppet had been used, and even if 
its area had been as restricted as the slide, more air would have got into the cylinder, because 
the poppet would allow the air to pass even after the piston had turned and was coming back. 

It is further urged against the positive motion valve that while the air in the clearance 
space should be held entirely by its expansion, it return the power used in compressing it, a 
valve-opening, say, on the centre, will allow air in the clearance space to be exhausted. Of 
course, clearance spaces will alwaj^s exist in dry compressors. If the positive opening-valve 
were to open later than on the centre, it is further argued that the proper time of opening 
(which is when the air in the clearance space has expanded down to atmospheric pressure) would 
vary with every change of pressure in the reservoir, and would require complicated mechanism. 

The trouble with compressors in which the opening of inlet- valves depends upon the for- 
mation of a vacuum in the cylinder during the backward passage of the piston, is that their 
action may be more variable, except at a very slow speed, the action of the inlet-valves becoming 
fitful and irregular, and the quantity of air compressed per stroke diminishing. The com- 
pressed air in the clearance space and the valve passages adds to diis difSculty, as it has to be 
drawn down to atmospheric pressure by the backward movement of the piston before the 
vacuum required to open the inlet-valve begins to be formed, thus delaying the opening of 
the inlet-valve until late in the stroke. 

There is in some compressors generation of heat by the friction of the air in being driven 
through delivery passages of too contracted area and improper form and position. There is 
friction of the particles of air among each other in those cases where the delivery is at right 
angles with the motion of the piston. 

Concerning positive or air-lifted valves, niany builders think that for inlet-valves there 
cannot be much difference between them, but for outlet-valves there would be considerable 
advantage if the valves were operated positively, just when the air in the cylinder reached 
the pressure in the reservoir or the pipes, but as this constantly varies, and would require the 
valves to be opened at different points in the stroke, it would be a difiicult matter to arrange 
for this variation. But the outlet-valves could be arranged in such form as to be balanded, 
and then by closing them positively when tlie piston reached the end of the stroke, they 
would be lifted when the air-pressure was equal on both sides. There is this much certain, 
that any arrangement of valves, whether positive or air-lifted, which leaves any quantity of 
compressed air in the passage or pockets, detracts largely from the capacity of the machine, 
and should for many reasons be avoided. 

In America, air-compressors were applied first for purposes of rock-drilling at the 
Hoosac Tunnel. Previously, however, attempts had been made to apply compressed air for 
various purposes. 
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Tlie iiret compreesor tiBed &t tlio Hoobac Tonoel is shown in Fig. 68. It consisted simply 
of fonr horizontal air-cylinders, run b; a turbioe-wheel of 120 horse-power. The pitman 
waa connected directly with the crank on the npper end of the shaft of the torUse. Of thia 




Fio. 68. 
PLAN OP AIB OOMPBESSOB, NO. 1, H009AC TUNNEL. 

compreesor, Mr. Thomas Doane, chief eogiaeer, says in his report for 1866:* "The air-com> 
pressor of four horizontal cylinders, 13 x 20 inches each, referred to in my former reportf as 
about ready for use at the East End, has been at work night and day withoot cessatioD, 
except on Sundays, since March. It was intended to compress lur to 60 pouuds per square inch, 
and has rnn it np as ]ugh as 85 pounds ; bnt as the drilling-machines require air at only 30 
pounds pressure, it has generally been run at that pressure. It was intended for a speed of 
120 revolutions a minute, but as it can eadly supply all our drilling-machines, nine hav- 
ing been the highest number, at a speed of 70 revolutions, it has not usually been 
ran fester. This compressor, making 70 revolutions, will furnish 148-01 cnbic feet of air 
per minute, at a pressure of 42 pounds." Another compreesor of this same style is shown ir. 



* HoDM, No. 80, p. IT (MuHwlituettB Legislative Beports, 1867). 
f Botaae, No. 4, p. SI (MuudiuaattB Legialatltro Report*, Juiaarj-, H 



TSS LATER FORMS OF COKPREBSORS. 



un 



Fig. 69. TKe eylindors were 25 inches iu diameter by 34-incb stroke ; the machine was nin at 
low pressure, and only nsed to supply air for ventilation. Both these compressors remained in 
use at the east end of the tunnel until the work was completed, seven years in all. These foor 
(^linder (borizontal) compressors, drivea by a turbine, were orij^Dolly desigQed under the 
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PLAN AND SECTION OF AIB-OOMPHEBBOIl, NO. % 

Dalgned (or rapplffas •& *l low preMora tor Hoouc Tunnel, I8HE. 

direction of the Massadmaetts State Commission, of which Mr. Jolin W. Brooks was chair- 
man. Mr. Thomas Doane, chief engineer of tho tunnel at the time, liad the experiments in 
chai^ ; he was assisted by Mr. John Christiansen. To Mr. Doane is chiefly due the la^r 
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share of the credit for the persistent efforts made by the commission to develop practical 
rock-drilling machinery. He originally invented many points connected with such machin- 
ery, for some of which he holds patents ; others were allowed to pass without patenting. 

It is curions now to note some of the early expedients that were devised. For instance, to 
cool the cylinders in the above four way compressor, Mr. Doane, in 1866, hung a flexible 
rubber tube from a water-pipe passing above the compressor, and from this pipe water was 
injected through the piston i^to the cylinders, by an aperture about the size of a knitting- 
needle. As soon as this jet was introduced, the temperature of the compressed air dropped 
from 800 or 400 degrees to about 5 degrees above its original temperature before being 
drawn into the cylinder. 




Fig. 70. 
AIRGOMPRESSOR USED EXPERIMENTALLY AT HOOSAG TUNNEL. 

Fig. 70 shows another early compressor, with three vertical cylinders of 8 x 12 inches 
stroke ; it was used for experimenting at Hoosac. Fig. 71(a) is again another that was pat- 
ented December 31st, 1867, by Mr. Doane ; it remained in use throughout the construction 
of the tunnel. Fig. 71 (J) shows an application of Mr. Doane's valve in a compressor manu- 
factured in 1877 by Guild & Garrison, of Williamsburg, N. Y. (See the " Scientific Amer- 
ican," New York, if ay 19th, 1877, for fuller description of this compressor.) 

In the section of the valve, Fig. 71 (J), A is the air-cylinder, B is the piston-head, C is a 
side of the tank attached to hold water for cooling the cylinder A ; J is a pipe for taking the 
air after compression into the receiver ; e indicates the spring around the valve-stem to keep 
the valve up to the cylinder end ; / is the oblong free-air opening to secure complete filling 
of cylinder before compressing the stroke; G is the valve lifted slightly from its seat, and 
sitting upon the piston-head ; g is the hub connecting driving-pin with piston ; H is the 
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chamber into wliicb air after compression is forced, and from which it is taken away by pipe 
(2 ; I is a vaHc-openiBg in the cylinder-head on the retam stroke, and permitting air to enter 
cylinder before the piston-head passes the free-air part f; S is the piston, having a head on 
both ends, and entering both air-cylinders; £ is the pin connecting with the engine's 
driving-rod. 




FiQ. 71{<i). 
THOMAS DOANE'S IMPROVEMENT IN' AIR-PUMPS. 
I>ttciil«dI)tc>mlwr81it,ieOT. Tried tl Boohc Tnimtl, and nwd to Ihe mil of tha woA (L «., for K 




The Burleigh "two-drill" compressor, as at first mannfactnred, is shown in Fig. 73; ((^ 
was the form of valve first nsed, where a stem was nsed to gnide the valve instead of a sleeve, 
asin (J). This type (J) was used at the Hoosac, Neaqnehoning, and Mnsconetcong tunnela and 
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gave Batisfactory resalte. Those used at Mosconetcong were the same ones that had been used 
at Nesquehoning, being purchased by Mr. Charles McFadden, contractor for Musconetcong 
Tunnel, from the Lehigh Navigation Company, on the completion of theNesquehoning work. 




Fig. 73(a). 
Air-Cyltnder to Barle!gh*s 
Eany Compressor. Scale, 

X* = 1'. 
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Fig. 72(6). 

BURLEIGH COMPRESSOR AS FIRST MADE. WITH HORIZONTAL ENGINE, 

Scale, %' = 1'. 

Four of them did the entire work of running the nine drills at the west end of Musconet- 
cong Tunnel, and did it well. 

In Fig. 72(J), it will be seen that the pistons {a) of the air-cylinders are worked from a 
shaft, the cranks h and c of which are at an angle of 180°. With these the motor-crank e 
forms an angle of 45°, so that the greatest work of the motor-piston is designed to corre- 
spond with the greatest resistance offered to the compression piston. The valves f and g 
are circular plates, held in place by vertical guides. The compressed air from the two cylin- 
ders is driven into a common chamber A, and thence conducted by pipes to a receiver, which 
serves to insure an equalized pressure, and from the bottom of which any water carried over 
by the air and condensed is tapped at intervals. This water is admitted in a jet through the 
pipe i, and serves to cool the cylinders, and, in working down, assists also as a lubricator. To 
furnish steam for the fo\ir compressors at Musconetcong, four return tubular boilers, of 
46 horse-power each, were used. The compressed air was conducted by a six-inch pipe, 
at first about 1300 feet, and, before tlie headings met, about 3000 feet, before reaching the 
drills, and it was observed that the loss of pressure rarely exceeded more than two to three 
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ponndB, and generally was less. It will bo observed that the air-pumps of this machine are 
arranged in an inverted position, the advantage of which is that the valves drop by gravity in 
closing, and the air is compressed on the upward stroke of the piston, the water which is 
injected for cooling the air also serving for a perfect packing by lying upon the piston, thus 
preventing any leakage of air during compression, and also acting to expel all air between 
the piston and the upper valves. This compressor is of interest as being the first to attain 
general prominence in America. It was soon modified by having the steam-piston placed 
vertical instead of horizontal. Also, of late, the Burleigh Company have been making their 
compressors much heavier than at first. 

Fig. 73 shows one built in 1876. Its capacity was 880 cubic feet of air per minute. 



steam Oyllndflr. 
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Fig. 78. 
niPBOVED LARGE BUBLEIGH COMPRESSOR. 

Scale, ^. 

« 

The difference between this and the older styles is, that the air-cylinders are closed at the bot- 
tom, which prevents the water dripping upon the working parts below. The air is admitted 
to the cylinders through ports on their sides. Water for cooling the air during compression, 
and for packing the piston, and to fill all vacant space between pistons and valves, is injected 
in the same manner as in the old style of machines. The air-cylinders are arranged in 
such a manner that the pistons and valves can be removed without taking the machine apart 
The engine of this machine differs from the earlier styles in this respect: it is con- 
structed with an improved balance poppet valve gear and graduating cut-off, the advantage of 
whidi is the saving a large amount of fuel. The cubic feet of air compressed is nearly equal 
to the cubic feet of steam used in the steam^cylinder. This machine also differs from the 
older forms in having crossheads and guides under the air-cylinders in place of the trunk- 
piston, the advantage of which change is the prevention of tendency to wear the bore ellipticaL 
(See p. 16&) 
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Fig. 74 Bliowa the Rand & Waring compi-esBor of 1876. Ab will bo seen, it consisted esscn* 
tially of a Iiorizontal air-cyliuder, ran by an oscillating steam-cyiinder. Four of theae machines 
also were used at the Miiseonetcong Tunnel, being located at the east end, three of 12-incli 
and one 16-iiich air-cylinder. At one time (about 1872-'74) tliey came into very prominent 
notice, some of them being sent, some years since, to Henry MeiggB, in Pern, to be used 
on his contracts there. They, however, cannot be said to have met with general favor. 




Fio. 74. 
RAND & WARING 

The oscillating cylinder involved a complication of parts, and, tike most new machines, the 
breakages were found to bo too frequent for economical working. 

There lias been a type of horizontal direct-acting compressors made (in 1876) for the 
"Waring Rock Drill Company, by Alison & Bannan, of Pottsville, Pa, In tliese the air ia 
cooled by water passing spirally aronnd the air-cylinder, while in the old oscillating Rand & 
Waring compressor, CoUadon'e system was used. A nnmber of those machines are in use iu 
the collieries of tho Philadelphia and Reading Coal and Iron Company. 

Fig. 75 shows Wood's air-compressor, A being an elevation, and B a plan ; C is a 
section of the head of tlio compression-cylinder. This is a duplex compressor of the 
class called dnj compressors. The steam and air-cylinders are in the same line, and, on 
the respective sides, are connected by a common piston-rod. The cranks are placed at 
right angles to each other, so as to avoid a dead centre, a a are the steam-cylinders, and 
dd the nir-cylindera. When the air-piston of one cylinder is near the end of its stroke, 
the resistance of the air will be greatest ; but steam having been cut ofi from the 
steam-cylinder on that side, the steam in the other cylinder must complete the stroke. 
The full pressiU'e of steam being in the other steam-cylinder, and its crunk being at 
right angles with the former one, it will work at an advantage for this purpose. One dif- 
ficulty experienced with dry air-compressors is in kocpiug the valve tight, and in the 
breakage of the valve-stems, Tiie former difficulty is overcome by securing a disc of rubber 
J to tho face of tho valve A projecting a short distance outside of the metallic disc of tlic 
valve. By being placed on the face of the valve, there should be no danger of its being 
crushed by the pressure of the air ; and yet the pressnro of the air will force the edges of the 
rubber against its seat, and prevent leakage. The breakage of the valve-stem is prevented by 
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placing a rubber disc, or other elastic body, «, bo as to prevent concussion as tlte valves are 
forcibly opened. The inventor lioldB that, according to experiments which he has made, a water- 
jacket will reduce the heat in the compreBsing cyUnder but a email amount, and the experi- 
ments of others show that, in the wet compressor, the cooling of the air as it ie being com- 
pressed IB due mostly to the wet walls of the cylinder, and not to the body of the water. 
He therefttre injects a spray of water, which has been proved to be the most effectual way 
of keeping the heat at a low temperature. In the smaller machines, water is admitted at the 
middle of the cylinder at m. This not only cools tlie air, but lubricates tlie cylinders. The 
arrangement is snch as to make a compact machine. Several are doing good work in the 
mines of Colorado and Ifevada. 

Tlicre was an essential difference between the American and European type of com- 
preesore built during the ten years from 1866 to 1876. The European type was invariably 
heavier and larger, and for this reason tbey were credited, on an average, with lasting longer, 
and needing fewer repairs, as their solid constraction rendered them less liable to small 
breakages. The policy of building larger compressoi-s, however, is now gaining strength in 
tliis country, as mining and railroad purchasers begin to understand the matter better, and 
to see that greater economy is altimatcly attained in purchasing the more expensive, becaose 
Iieavier, early plant. 

It would have been impossible, however, in the early days of compressor constraction 
in America, to have introduced the heavy type, as the cost would have condemned it. 
Atth6 Sutro Tunnel, M. Snti-o, at the time of beginning his work, with the sagacity that is 
characteristic of the man, saw this point at once, and instead of purchasing American 
compi^Bors, saw and inspected the foreign makes, while abroad, and purchased two of 
them : one — Fig. 76, (o) (S) and (c) — from the John Cockerill Company,* at Seraing, Bel- 
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DDBOIS-FRAN'^IS COMPRESSOR. 

Sniuged SecOon of Alr-Cyllndor (ft In Fig. 711(0)]. 

C, BodT of the compmsHr. D, C]']lDd«-br 



gium ; the other from the Humboldt Company, at Kalk, near Deiitz, on the Khine — Fig. 77, 
(a) and (S). One of these compressors running at a time has been found quite sufficient for 
the six heading drills ; and M. Sutro wrote the author (May 22d, 1877) : " "We are still 
making our compressed air at sliaft No. 2, for which the compressor of the Humboldt Com- 
pany, at Kalk, is used. The Cockerill compressor still remains at No. 1 shaft. It is not 

* An article OD the DabolS'FTa.Dfoia compreBaors.irltkeeclloiiBldnmiiigB, etc., will be foDDdia"ED|^De«ring,'' 
vol. xxL, p. 249. 
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need for tho present, bnt will be a^in nfter & while, whcu it is placed at the mouth of the 
tunnel, where I intend to remove it." * 

Of course the only reason for not manufactaring American compressors larger*, has been 
that there was no market for them, the cheaper ones being hitherto in general preferred.f 
The cliange of opinion in the public, however, noted above, is surely progressing, and the 
Burleigh Company and the others are now building compressors enflSciently large for all 
purposes. The cut below shows the latest Burleigh Compressor. 

In tlie South Norwalk compressor the steam-piston and both of the air-pistons and the 
croeebead are mounted on the same rod, the momeotam of these reciprocating parte being 




•'No. 7" IMPROVED BURLEIGH PATENT AIR-COMPRESSOR. 



largely relied upon to aid in the attainment of uniform compression and high speed. The 
engine itself is designed to work at a high speed and an early and sharp cnt-off, in order to 
realize the economy attendant upon the adoption of the principles of modem steam engineer- 
ing. The principal feature, however, is the conipoiinding of the air-cylinders, two doable- 

' A compressor somewlut similar to the Humboldt ww mAniifactured by Griffith St Wedge, of Zaneeville, 
Ohio, under Bowers' patent. It is described, with illustrations, in the Seientifie Amtriean, New York, July 14, 
1877 (Tol. xuTii., New Series, No. 8, p. 15), It is no longer made. 

f The illustrations, both of the John Cockerill and of the Humboldt compressors, were fornished directly 
to the author from abroad bj the courtesy of the companies respectiTely . 
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acting cylinders of unequal diameters being placed in line, so that the air compressed par- 
tially in one can be delivered into the other in order to be brought up to the desired ten- 
sion. The large piston is intended to overcome the resistance due to the compression of the 
air to a moderate degree, while the small encounters the heavy pressure of the final com- 
pression. 

The features claimed as new are as follows : 

1. A new method of taking air, consisting in drawing it from outside through an under- 
ground passage, or a large cellar, to cool it before entering the compressor. This is claimed 
to be of special importance in large plants. At the date of writing (April 1, 1881) the 
patent for this has been allowed but not issued. 

2. Wrought iron guides for the valves, for which patent has been allowed but not issued 
up to April 1, 1881. 

3. An oil-cup for oiling the cylindera, dropping oil through a wick under pressure, with 
the object of securing regular feed and economy of oil. 

4. The pipe-cooler between the compressing cylinders, licensed in part under United 
States patent 191,868, dated June 12, 1877, and on which there is another United States 
patent pending (April, 1881). 

5. An air-governor, patent dated July 13, 1880, No. 229,821. 

6. Lining of air-cylinder, patent allowed but not issued up to April 4, 1881. 

7. Attachment for mining locomotive, supplying pumps at very great depths, or drills 
working in exceptionally hard places and needing heavier pressure than the average of the 
work. This is patented in the United States, February 1, 1881, No.. 237,274. This attach- 
ment is fitted to the machine, but only supplied when needed. 

The inlet air-cylinder is removed as far as possible from die steam-cylinder and steam- 
pipes, the arrangement being such that a light partition can separate it entirely from the 
main engine-room. By this means there is avoided the passing of the air about to enter 
the compressor directly over this hot surface. In addition to the loss of power in compress- 
ing heated air, the rarefaction of the air would reduce the capacity of the compressor. The 
water-jacket is supplemented by a reservoir between the two cylinders ; in this reservoir 
there are cooliug water-pipes. The makers claim that allowing the temperature of air com- 
pressed without cooling arrangements to 160 pounds pressure to be raised from 62 degrees to 
873 degrees F., the economy of cooling completely would be 21*6 per cent; and that by 
using two compressing cylinders, with the reservoir between, the temperature of the air 
from the first cylinder will, under the same circumstances, be 199 degrees, all of which heat 
above the atmospheric temperature can be taken out by the intermediate cooling reservoir, 
reducing the amount of powei: required to 88*1 per cent, leaving only 9«7 per cent to be 
gained by jacketing the two cylinders. 

The stem and valve are forged in one piece by drop-forging. 

Most oil-cups for lubricating air-cylinders have been so constructed that after the pas- 
sage of the piston and the fall of the pressure beneath the oil, it has been practically impos- 
sible to prevent all the oil in the cup from going into the cylinder at once. The result has 
been excess of oil consumed, ineflBcient lubrication, wear of the piston, and gummy valves. 
In this machine, the oil is fed through a wick, and the changing pressures above and below 
the body of oil are constantly closed by a special device. 

Under E. Hill's patent, July 12, 1881, air-compressors are supplied with cool air for com- 
pression by hoods over the inlet-valves, with conduits and air-passages through a chamber 
connected with the external atmosphere, in which the air is partially cooled before it enters 
the compressor. The project is to have this cooling chamber (or chambers) on all sides of 
the foundation of the compressor cylinder ; there being a perforated cover or ceiling to this 
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clmmber, forming part of the cngino-rooin floor, and the hoods being removable to allow of 
inspection of the inlet-valves. In this cooling chamber there may be deflecting partitions to 
force the air down to the bottom of the pit, and jets of water to cool it. 

In order to prevent the iiscless escape of compreesod nir, representing the loss of eteam 
in the case of compressors driven by steam; and in order to prevent engines or compressors 
that arc not direct connecting or provided with cranks or fly-wheels from stopping, there liaa 
been devised an improvement patented by Hill, Jnly 13, 1880. In this invention there is a 
conduit between the discharge side of the air-pump or reservoir, and in this connecting pas- 
sage there is a regulating valve, so that when the air-pressarc on the discharge side of the 
air-pump equals the resistance of this valve, it will open it and let the air, instead of escaping, 
go into the steam passage, displacing its equivalent of steam, and thus acting as a throttle to 
the steam in its passage to the working cylinder. By this ineans the escaping air becomes 
an automatic governor, permitting the steam-engine to keep its proper velocity without wast- 
ing steam, and without much mechanical complication to efl^ect the desii-ed result. 

In the United States patent of E. Hill, July 19th, 1881, No. 244,603, it is proposed to 
utilize heat in the water discharged by the pmnps of deep mines, in expanding the air after 
compression, and to ntilizo the exhaust air from the last power-cylinder. This is to be done 
by allowing air from the reservoir under s given pressure to operate a piston for driving the 
pnmp, and then permit it to escape as exhaust into a chamber, through which the water from 
the pump is caused to flow in tubes like a condenser, there, by imparting its heat to the 
expanded and cold air, cansing a further expansion, by which it may he utilized in the larger 
cylinder to furnish power in driving the pnmp; and as it is easier to compresa air at low 
temperature, it is proposed to conduct the air from the second cylinder, or tho last in the 
series, to tho suction side of the compressor, to be again returned to the reservoir. 




THE ALLEN (McLAREN) COMPRE880B. 

Ooooeniing the Allen Compressor, made by John McLaren, Hoboken, N. J., we can 
learn nothing save the information conveyed by the circular, that it is a high-speed machine 
widi.heayy reciprocating parts,. the .air-valves being poatively-moved slides. [See above.] 
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In the Ingersoll cotnpreBSor the air and steam-cylinder cranks are set at an angle of 60 
degrees, the steam-cylinder crank behind the air-crank, and Eoitable counterbalance weights 
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provided in the fly-wheels. The air admission ports are covered by an ordinary-ahaped 
alide-valve, operated by an eccentric on the maiQ-shaft. These valves place the j-orts in the 
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end of the air-cylinder in alternate communication with the central port through which air is 
admitted ; this being the port which would ordinarily be the exhaust port in a eteam engine. 
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DUPLEX HOEIZONTAL COMPRESSOB, INGERSOLL ROCK DRLL CO. 




SINGLE AIR-COMPRESSOR, INGERSOLL ROCK DRILL CO. 



The illustrations on this page show in porBpecUve the "straight rod dnplex" and the "side and side" singla 
forms ol Ingeisoll doable-acting Compressora, with steam cylinders. The general principles of these types, and 
the advantages and disadTantage* urged in oonnectioa therewith, are full; discussed nnder the proper heads. 
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The valve chest is at do time ia commnDication witti tho ends of the cylinder, being merely a 
box for the slide valve to work in. The air delivery ports are upon the top of the air 
cylinder, opening from the ends of the cylinder into the - chest, and being closed by poppet 
valves cushioned by springs, and guided by springs on the valve buckets. The delivery valve 
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chest is connected with the inlet valve chest by a pipe, so that there should always be as much 
pressure upon the back of the admission slide valve as the air pump has developed in the 
chest ; tlius preventing the compressed air from raising the admission slide valve off its 
seat. 




AIR GOVERNOB, CLAYTON COMPEESSOE. 



The cooling water is let in through the central admission port of the elide valve, and 
while some of it remains in the cylinder to fill up the clearance space and the admiseion port. 
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the rest is discharged into the bottom of the delivery valve chest, whence it escapes through 
a pipe. 

The present machine, of the vertical type, has cross-heads and guides, and an adjustable 
cut-off engine, stated to give 20 per cent, increased capacit}', and save 25 per cent, of 
fuel. 

In the Clayton long-stroke duplex compressor there is a water jacket completely 
encircling the ends first and discharging at the top, the objects being to cool the cylinders 
most where they are most heated, and to insure the jackets always being full. Tlie discharge 
valves are lifted and tripped by an adjustable drop, letting the air escape as soon as it has 
reached the working pressure, instead of further compressing it. The cylinder is supplied 
with water or lubricant at each stroke, and only when working. The yoke is constructed so 
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that the wear can be taken up in the block and in the slides at the same time. There is an 
air governor (Steele's patent) which keeps the pressure regular by causing throttling of the 
steam when the air pressure reaches a certain point. The suction valves opening into the air 
cylinders have safety stems, preventing the valve from falling into the cylinder, or other 
accidents, if the stem breaks or the nut comes off. 

In the Clayton belt-driven compressor the large pulley-wheel is weighted so that the belt 
lifts the weight to its highest point during the first half of the piston-stroke, while the 
resistance of the air being compressed is but slight ; and then during the second half of the 
stroke, where the resistance is greatest, the weight helps the belt. 

Clayton combats the difficulty of the piston working horizontally by taking up the weight 
of the yokes, connecting rods, pistons and rods, off the cylinders and stuffing-boxes, and 
carrying it upon the slipper guides placed under the yokes. 
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Theso compreeaors are bailt either wet or dry, as deeired. Whoretheyarotobomn dry 
withont lubrication, the valves are made to sait, and the piston nins very close to tlie cylinder 
covers, eo as to have do lost space at tlie end of the stroke. To prevent the cylinder cutting, 
hemp packing is osed. 
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In Fish's design for an air-compressor (John Fish, 10 Pine Street, New Tork), shown 
on page 167, the air cylinder is bolted to the air-valve chamber, which is cast on a distance 
piece, which forms the guides for the main cross-head, the other end of the guides being 
secured centrally to the front end of the steam cylinder. There are two main pillow-blocks. 
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and these are cast on to the rear end of the cylinder. The distance from the centre of the 
shftft bearing to the end of the cylinder is very short, giving rigidity to the pillow-blocks. 
There is no bed-plate ; all the parts are separate, as air cylinder, distance guide piece, steam 
cylinder, pillow-block, shaft, and fly wheel. The power is transmitted from the cross-head 
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through the connecting-rod to the crank-^haft in & peculiar manner. The connecting-rod has 
two bars working outBide of the eteam cylinder, and rigidly connected at one end to a single 
pin working in the cross-liead ; the oppoeite end connecting witli a single journal box work- 





FISH'S DESION FOR AIR-COUPRESSOR. 



ing upon the crank pin, ThoB the connecting-rod acte like a single rod, kutping square with 
its bearings when the wear is taken up at either end, Tlie crank cheeks are separated far 
enongh apart to allow acceES to the steam piston, which can be removed with ita load from 



168 



AIR-COMPRESSORS. 



tbe cylinder, without diBturbin;; the crank-shaft. The gleam valve shown is of tlte ordinary 
D slide type. Cooling is by water jacket. 

In the latest form of the Johnson CompreBBor, recently shown at the Franklin Institnto 
and here illnstrnted, there is a cylinder of any diameter and of proportional length, having 
covers bolted on at both ends, in the centre of which there are stuffing-boxes. Through 
these there ie a shaft having on its lower side a square wing entering downward and filling 
the space between the ehnfl and the lower side of the cylinder, and extending lengthwise to 
botli ends of the cylinder covers, so as to divide the lower half of the cylinder into two com- 
partments, leaving sufficient space between the wing and the eylinder-eovers to permit a free 
motion of the cylinder when this is oscillated upon its shaft. At the upper part of tlie 
cylinder there are two valve chambers, end to end, the first for the inlet and the eecond for 




JOHNSON'S COMPOCND OSCILLATING WET COMPEESSOR. 



the ontlet of air. The sides of this cylinder cross the chamber lengthwise, and are ahont 60 
degrees apart ; the upper or larger radius being fastened air-tight to tbe upper half of the 
cylinder, and tlie ends of the chambers fastened to the cylinder-covers, the lower or smaller 
part resting upon the upper part of the central shaft, forming a cylindrical bearing, which, 
with the cylinder and the covers, may oscillate upon the shaft, the shaft itself and the lower 
portion being stationary. The end of the shaft, passing throngh the stuffling-boxes of the 
covers, is keyed in proper pedestals. The cylinder-covers and valve-chambers are in one 
piece, and can oscillate through an arc of abont 120 degrees. If there he water in the lower 
half, there will he formed two air-tigbt compartments, the water acting as a packing and as a 
Inbricant, and absorbing the heat of compression. The cylinder slides past the water, which 
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is not iteelf pat in motion. At each oscillation the central upper valve comes iii contact 
with the surface of the water, whicli absorbs at every stroke nearly all the heat absorbed by 
tlie upper part of the cylinder. 

The Hydraulic Works of Philadelphia make a 
horizontJil conipresGor from the designs of Mr. B. 
Frank Teal. In this machine the steam and air 
cylinders are side by side. The steam cylinder is of 
less diameter than the air cylinder, being 18 inches 
bore and the air cylinder 24, the stroke of each being 
24 inches. Tlio steam pressure used is about 70 
pounds, to give 40 pounds of air. The aleam is worked 

_ ^ ^ expansively. The cranks are set quartering. The 

r I' it' I n H II^k' I (^^^'i^S ^^ effected by means of spray, but if ordered, 
I iii H^ 1^9 1^1 ^ a jacket will be supplied in addition. The discharge 

4 Uillillll ^li ^^H ^Kk t v'^*^ '° automatic; the valve is of the same kind 

I H ^^H IBm i ^ ^^^^ '^^'^ ^^ Griffith & Wedge, being a piston valve 

"^ "^ with an incline of 60 degrees ; is of brass upon an 

iron seat. The piston has a half ring of lignum vitse 
in its lower circumference, to lessen friction. 

Flowek Compbebsob (Scientific American Supple- 
ment, October 20, 1877, page 1491). The compressing 
enginesatthe Powell Duffryn CollierieB, South Wales, 
have steam cylinders coupled together at right angles, 
the steam cylinder heiug 34 inches, and the air 40 
inches diameter, the stroke being 6 feet. The steam 
at TO pounds per square inch is cut off at \ stroke, 
and tho air compressed to 40 pf>unds per square inch. 
There are in each cylinder-cover of the air cylinders 
three east iron inlet valves witli leather flaps. In 
each cover are two brass outlet valves with mitre 
faces, 1} inches long, inclined 30 degrees to the valve 
spindle. The air cylinder is set iu tho water trough. 
There is no water spray. The engines at 20 revolu- 
tions (or at a piston speed of 240 feet per minute) 
indicate 482 horse-power. 

Square Cubic 

Inches. Feet 

Area of air cylinder 1256 

Contents of stroke 104.6 

Contents of stroke per minute 4185 

Contents at 67 per cent, of tho stroke 2804 

Compressed to pounds per square inch 934 

Area of three inlet valves 64-8 .... 

Area of two outlet valves 43-3 



THE DYNAMIC AIE-COM PRESSOR. 

The Dynamic Air-Compressor, built by the Gray- 
don & Denton Mfg. Co., of Jersey City, New Jersey, 
has only just been brought into notice. 
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" It is designed to secure the tidvantagcs attending the use of slide valves to govern the inlet 
and outlet of tlio air ; namely, the least possible leakage, and slip,and the attainment of high 
speeds, thereby reducing first cost ; while tho advantages possessed by poppet valves, such as 
small clearance and perfect balance, are claimed to be fully equaled in the type of slide valve 
employed." The bed is cylindrical and serves as a receiver, or tank, in which the prcssizrc 
is maintained about uniform by a regulating valve in the steam pipe, 

Frovision is made for the injection of water into the cylinder under the pressure of air in 
the receiver, and for an additional supply from a small tank to the induction ports. The 
water, after passing through the cylinder into the receiver, is automatically returned to tlio 
tank, when more than is requisite for injection has accumulated. 

This compressor is double acting, and may bo built to be driven by steam, as shown in 
cut, or by belts or gearing, or to couple direct to a water-wheel shaft running at high Bi>eed. 




When more air is required than can be economically supplied hj a single cylinder, the 
manufacturers of this compressor recommend two independent rompre'^sorB of smaller size, 
rather than a duplex machine The steam valve is of the plain Allen type, in piston form, 
the seat being a brass Blce\ c oisdj renewable. The action of tiic air valve, covered by patent 
of Maik S Miinnin^^ Ji , is as follows As the piston A moves in the direction of the arrow, 
the valve B begins to open the port' and air enters through the open end of tlie valve chest. 
At the other end of the cylinder the air is compressed until its port is opened by tho valve C, 
which being joined to B by the rod D is moved with it by tho eccentric. 

When the pressure in the cylinder exceeds that in the receiver, the auxiliary valve E 
eliding along D opens the eduction valve, and the air ia forced into tho receiver. 

The reverse oi)eration occurs on the return stroke. 

A. Normandy Stillwcll & Co., London, England, Cnstoin-IIouse Station, Victoria 
Docks.— This machine is illustrated in the " Euginfcr." May 16, 1879, page 352. Tliero 
are two vertical cylinders placed side by side, and worked by two eccentrics on a shaft. 
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SO that one is np while the other is down. The cylinder stand in a tank of water, and 
there is a groove turned in the plungers, which at every stroke becomes full of water 
which is carried down by the plungers to lubricate them and make them air-tight. The air 
enters and escapes from the cylinders by a cock, the plug of which rotates continuously, 
being worked by a rod and bevel wheels, so geared that the cock makes one revolution for 
every two turns of the shaft, hence making one-quarter revolution for each complete stroke of 
the plungers. This is made under E. Edwards' patent. 

At the Festiniog Tunnel the compressors are mounted on the receiver. The air 
cylinders are surrounded with water and are double acting, 16 by 30 inches. At 60 revolu- 
tions per minute there is enough air compressed to run two drills with 4-inch cylinders. 

At Altenberg the Prussian engineers obtained 98 per cent, of the volume due to the 
stroke ot a wet compressor. At Saint Gothard the Colladon Compressor compressed 70 
per cent, of the volume of the stroke. With wet pumps the heating of the cylinder reaches 
77 degrees to 80 degrees F. ; while with dry, at high velocities, 175 degrees F. 

Excellent illustrations and descriptions of the ones used at the Mt. Cenis Tunnel will be 
foimd in Mr. Sopwith's papers on Mt. Cenis, " Transactions Inst. Civil Engineers," London, 
vol. xxiii., p. 258, and vol. xxxvi., p. 1. In this paper will be found illustmtions of Som- 
meiller's early hydraulic ram, his '' Compresseur a coup de helier.^^ Illustrations and notes 
on the same will also be found in Zwick's ^'' Neuere Tunnelbauten^^^ p. 58; and in Schoen, 
" Der Tuiuielbau " (ed. 1874) ; also in " Engineering," vol. xii., pp. 283, 367, (1871). These 
rams were devised by Sommeiller, and were subsequently superseded at Mt. Cenis by the 
early forms of the wet compressors of the present day. They are now of historical rather 
than practical interest, so that only an outline of their principle will be given hei'e for those 
who are not familiar with them. The following description is from the report of Mr. Charles 
S. Storrow, on " European Tunnels," to the Massachusetts State Commission on Hoosac 
Tunnel, February 28th, 1863. 

We will consider, first, the receivers to hold the compressed air, and, second, the machin- 
ery to compress the air and supply the receivers. 

First, the receivers were iron cylinders, with spherical ends, made of boiler-plate. There 
were ten of these in 1862 at Bardonneche, set up in two groups, of five each, all com- 
municating with e^ch other so as to make virtually but one, the aggregate capacity of the 
whole being some 170 cubic metres, or 6000 cubic feet. They were erected in a large building 
standing about half a mile from the mouth of the tunnel. On the hillside, at the height of 
about 50 metres, or 164 feet, above the receivers, was a reservoir of water, with a surface of 
over 3000 square feet, supplied by pipes laid from a small but permanent stream. By means 
of a constant indux and ample means for overflow, the surface of this basin was kept per- 
manently at the same level. From this, two iron pipes, which are called the manometric 
pipes, each 0«30 metre, or about one foot in diameter, were brought down to the two groups 
of receivers, with each of which one of them freelv communicated. The air inclosed in the 
receivers, which at first was in its ordinary atmospheric condition, was therefore constantly 
pressed by the weight of a column of water, 164 feet in height, acting directly against it, 
which was equivalent to about five eflEeetive atmospheres, and would, of course, be condensed 
until its pressure exactly counterbalanced that of the column. If a portion of the air in the 
receivers were now drawn out for use, the water descended by the pipes to supply its place 
and maintained what remained in them at its original pressure. If air, on the other hand, 
were forced into the receivere, it expelled an equivalent amount of water, which was thus 
thrown back into the upper basin, and the pressure remained precisel}' as before. The 
water let down in the first case was instantly supplied by the influx into the basin, and that 
thrown up in the second was instantly discharged at the overflow, so that the surface of the 
basin remained uniform, the column of water pressing against the air in the receivera being 
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conatantly of the same height, and the air constantly remaining at the same presenra — i. e., 
at a pressure duo to 164 feet of water. Glass tubes connected with the receivers showed on 
the outside the lieight at wliidi the water stood on the inside, so that the supply of air ftn-- 
nished to tliem might he increased or diminished, according as a greater or lees quantity Wiis 
drawn ont for use npOn the works. 

Second, means for compressing air to supply the receivers. 

At Bardonneelie this was done by compressors worked by water-power. Tlie water 
came from a well-built stone dam erected across a small sti-cam, from which it was CDn4eyed 
a distance of nearly two miles to the compressors by a canal lined with masonry, about 
four feet wide and three and a half deep, in which it stood at the depth of 24 to 27 inclicp. 
This canal had a constant but not a uniform slope, and the velocity attained was very great. 
The water was opaque, turbid, and, like all the waters of the region, discolored by the L-al- 
eareons rocks and earths through which it passed. In order to clear it from sediment and 
other impurities, it was first admitted into a large basin with a surface of 16,000 cqnare icat 
and a depth of 5 feet, where it lost of course its velocity, deposited what it had in suspen- 
sion, and passed out again by a, grated opening, the bottom of whidi was 27 inches below tlio 
surface. From there it continued again its course, by the canal, to a second and smaller 
basin near the works. From there, again, it passed through n double set of wire gratings into 
a third basin, standing at the height of 45 metres, or 147 feet above the receivers. All 
these ])recautions were necessary to secure water free from impurities or foreign substances, 
which might be very injurious to the stop-cocks or valves through which it afterward had to 
pass. From this third basin, the water was let down by two iron pipes, each 0'50 metre, or 
20 inches in diameter, to a reservoir built in masonry, forming the upper or second story of 
a buiiding erected for the purpose, where it stood at the level of 25 metres, or 82 feet nbove 
the receivers, and dose to tlie building which contained them ; and it was from Ibis lust 
reservoir that it was let directly on to the compressors. The object of the whole work thus 
■fer, therefore, was simply to supply water to a reservoir 83 feet in height above the point 
where the water was to be used. The long distance from which it was brought, the dei>o&it- 
basins on the line, the height of 147 feet at which the third basin was situated, all these 
were peculiarities indicated or required by local necessities, resulting from tlio nmgli topog- 
raphy of the region, or the pceuliai' character of its water. 

Between this reservoir and the air-receivers placed in the building just below it, were 
the ten compressors. These were ten iron pipes, all precisely alike, in free commimioaiion 
with the water in the reservoir, and descending from it at an angle of aboEit 45". 
They rested upon solid masonry built upon the side-hill, and entered the building in whith the 
ten receivers were erected. £ach pipe, as it entered the building, was turned vertically down- 
ward, as shown in Fig. 78, and, after a short horizontal course, rose again vertically, and was 
then placed in communication with the upper part of the receiver, to wliicJi it correejwndcd. 
In the vertical branch near tlie receiver, at A, was a valve opening inward to the receiver, 
and whicli, though pressed on one side by the water held in the compressor-pipe, tending to 
open it, was pressed on the other by the confined air, which had the force of a column of water 
twice as high held in the manometric pipe, and therefore kept it tightly closed. Directly 
nnder the valve A were four small valves v in the side of the pipe, by which outward air 
might be admitted ; but opening inward to the pipe, they were, of course, kept closed l»y the 
pressure of the water within it. On the horizontal branch was an escape-cock B, by opuning 
which the water might be let out of the pipe. On the other side, at C, was a cock ]yy which 
the communication with the reservoir might bo shut off tit plcasnra 

We have thus an iron pipe full of water, descending from tlio reservoir, with which it 
freely communicates, and holding water with a pressure of 82 feet against one side of a v aUe 
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A, opening into the receivers, which is held down on the other side by air exerting a press- 
ure equivalent to 164 feet. We now close the cock C, and thus shut off the water in its 
descent from the reservoir. We open the escape-cock B, and the water below the valve A, 
in the branch next to the receivers, will descend and escape until it reaches the level of the 
cock B, which may then be closed, and the air will enter by the four small valves v and 
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Fig. 78. 
SOMMEILLER'S RAM FOR COMPRESSING AIR AT MT. CENIS TUNNEL. 

supply its place. The pipe will then contain a small column of ordinary atmospheric ait in 
its vertical branch directly under the valve A, and the rest of the pipe remain filled with 
water. If we now suddenly open the stop-cock C, which holds back the water of the reser- 
voir, that water exerts its pressure, instantly acquires motion, and drives the small column 
of air which the pipe contains violently against the valve A, by its shock exerts against it a 
force much greater than that due simply to its pressure, compresses it sufficiently to throw 
open the valve, and injects it into the receiver. The reservoir is now again shut off by clos- 
ing the cock C, the escape-cock is opened, and another column or charge of air introduced 
into the pipe by the valves v ; the escape-cock is shut, the reservoir is again let on, the 
water-ram again produces its effect, a second charge is injected into the receiver, and thus 
the process is repeated. 

Tlie foregoing description, imperfect as it is and must be without drawings in detail, 
may yet serve to give a general idea of these compressors. Their action was intermittent 
like that of a water-ram, exerting for an instant a pressure fully twice as great as that due to 
the column of water which they contained, and at each stroke injecting a certain volume of 
compressed air into the receivers. The precise height of the valve A above the escape-cock 
B, which of course gives the height of the column of air which, at every blow, is to be com- 
pressed and injected into the receivers, was accurately determined by Mr. Sommeiller, by cal- 
culation and by experiment, so that exactly the whole of it should be driven through the valve 
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by tlie Dliock of tlie water. Tlie form of the etop-cock C was also contrived in eucli a 
manner that, when opened, it should form the least possible obetaolo to the sudden pressuro 
and motion of the eoiumn above it ; and by an ingenious combination of cams and levers, 
tlie cocks B and C ivere opened and shut precisely at the proper instants. The power to 
move them for the ten eompreasors was furnished by two small en^nes erected in tbD bnild- 
iiig, run by compresBed air. They operated with perfect regalarity, and this was very 
necessary, otiierwise the pipes tliemselves would be exposed to the Bhock which, transmitted 
to the column of air to he injected, spent its violence in compressing it. 

As to the compressor system of St. Gothai-d,* there is an excellent, clear set of illustra- 
tions in Mr. Cliristophcr Klar's paper ou " Die Arbeitcn uiid Masehinenanlagen am St. Gott- 
Lard Tunnel" ("Zeitschrift des Oesterr. Ing. und Arcbitekton-Vereins," vol. zxvii., 1876, 
p. 101). 

They will, however, bo found described in fuller detail, with illustrations, etc, in the 
"l^apports Trimestriela du cmiaeil federal Suisse sur la liyne du St. GoikardT' Also see 
illustrated pamphlets on " Description of Air-Compressois made by B. Roy & Co., Vcvny, 
Switzerland," H. W. Pendred, C. E., 23 Leadenhall St., London, E. C. Also "■ Dh Ma- 
schineUen Arbeitcn sur Dnrchhoh-ung des Gotthardtvnnels" by Prof. D, Colladon, Ziirieli, 
18T6. 

The Humboldt and CockerJll compressors shown above are fair types of the best Euro- 
pean makes of the present day. As will be seen, they belong to the water type, and, indeed, 
the general leaning in Europe seems to be toward compressors of tliis kind.f A good 
description, with cuts, of Santter, Lemonnicr£ Co.'s compressors (Paris) will be found in 
the "Practical Magazine," for January, 1876, pp. 10 and 12. They are built on the 
Colladon plan. 

There are no English compressors as yet cold, (that is to aay, compressors of purely 
English invention) that can compare with either tlie Continental or the American makes. 
Sturgeon's is probably the best, and a description of his compressor, with sectional drawings, 
will be found in "Imn," vol. vii., p. 708, June, 1876. Also see "Die moderne SprengteJittik 
mit Bohr- und Schrdm-Maachinen" by Julins Hahler, Wien, 1876, p. 18. 

A series of interesting cards, intended to exhibit the effect of the various appliancee 
adopted by Mr. Clayton in his compressors, liaa l>een published in the Iron Aije. Tho 
accompanying illustrations show indicator cards taken from a Clayton compressor under 
different conditions, the object being to demonstrate the efficiency of some of the appliances 
of that machine. Aside from the value whieii these cards possess as indicating the work of 
this special compressor, they are of interest as affording an excellent means of studying the 
bearing of disturbing influences upon the work of the machine. 

The more extended use of indicator diagrams to test the efficiency of air-compressing 
machinery, and detect any faults of construction and mounting, is an evidence of pro- 
gress- 
Card No. 1 *as taken from the air cylinder of a compressor running at the rate of 65 
revolutions per minnte, and delivering air into a receiver tlie safety valve of which was set 
at 45 pounds. The diagram is almost perfect. The line almost follows the adiabatic curve 
during compression, proving the increase of temperature (Si the air to have been slight, a 

* An article on B. Roy & Co.'s compressora will be found in "The Engineer" of April 71b. 1876, and 
" Engineering," to!. kI,. p. 278, April 7th, 1676. 

\ Prof. A. Riedler, Folj'tccb. Sc., Vienna, Austria, concludes, from his investigations, that the dry com- 
proBsor works with most economy in regard to power, and the wet compressor with most economy witb regard to 
lepaiia. 
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fact due to caref al jacketing. There was only a dight excess of pressure in the cylinder over 
that of the receiver before the delivery valves were opened by the *• tripping device." 



Lbt. 00- 




t4.r 



too 90 80 



60 60 40 .30 20 
Per cent of Stroke 



10 



No. !•— Speed, OSBevolatlooBperminate. Scale, 40. Receiver PreBsnre, 46 Ibe. 

Without the latter, and without water flowing through the water-jacket, a diagram like 
that of No. 2 was produced, the speed being 63 revolutions per minute, and the receiver 
pressure 45 pounds. Tlie air in the cylinder expanded rapidly, as shown by the increase of 
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14^ 



ro 6b 50 40 
Per eentjof Stroke 



Ho. S*— Speed, 68 Revolations per minntc. Scale. 40. Becelver Preamre, 45 lbs. 

pressure, and as indicated by the relation of the pressure line and the adiabatic curve. Before 
the discharge valves would open automatically, the pressure in the cylinder had risen as high 
as 62 pounds, or 17 pounds above receiver pressure. 



Lbs. 60 




14.1 



100 90 80^7870 



60 50 40 30 20 10 
Per cent of Stroke 



No. 8.— Speed, 68 Bevolationa per minate. Scale, 40. Receiver Preeaare, 45 Iba. 

Card No. 3 shows a diagram taken when the suction-valves were lifted automatically, 
and no water was introduced into the cylinder, as it is generally done for the purpose of 
lubrication and of displacing all the air in the clearance spaces. The most striking defect 
caused thereby is the expansion, in the back stroke, of air compressed. 
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The Iftst card, No. 4, was taken from the cylinder withont water in the jacket or in the 
eylinder, and without the " tripping device " for lifting the diecharge valvee. The result iaa 




Ho. 4.— speed, tUBerolatloiu per minute. Saie.lD. Becelrer Prenore, 40 Ibi. 
rapidiacreaseof pressnre, due to the lack of auy provisions for cooling the air, and mnning far 
beyond the recei ver pressure, cansinga waste of power by re-expansion of air already cuiuprcsecd. 
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STEAM DIAGRAM FBOH OLATTON COMPRESSOR. 
Freqaent study of the operation of compressors through the agency of indicator cards, 
will do much to point ont temporary or inherent defects, and be the first step toward their 
elimination. The following cards are from various machines : 




A.— Mr Cbrd. 

Alicjltnder. U" i U". ReralatlonB per mlniile, «0. 

Steam crlloder, 10 1 12". Air preonre, 18 ptmnds. 

Area Cud (Iota! , G" £ft" Bollec). Sleam pre Hare. TA ponnda. 

Area above atm[Hph.]lnp.4°S". Ana below atmocpb. line, ]■><»". 

Temperature of room, 53" F. Temp, at metal of cflliider, I4>° F. 



AircTltDder.U"! 
Steam cyllnd 
Scale, KK'. 



Steam cylinder, W x 13". 



Tlie indicator card A was produced by the cylinder giving the steam card B. 

Card C is from the same machine which produced Card A, but taken at the slowest 
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speed at which the machine would pass over the centres — S3 revolutions per minute. In 
this card the same criticism miglit be advanced as upon card A^ but of conrse in i:ot so 



BoOer prenwrt 




VaeuiiimIAn0 



•ui 



C, — ^Air Card. 

Steam Cylinder, 10 x 12''. Bevolntions per mlnuti, 82. 

Air cylinder, 12 x 2". Receiver pressure, 18 pounds. 

Temp, of air in room, 51® F. Boiler preasure, 75 pounds. Scale 16''. 




Taeuvan 



2>.— Steam Oard. 

Air cylinder, 12' x 12. Bevolntions per minute, 82. 
Steam cylinder, 10 x 12. Air pressure, 18 pounds. 
Scale, 80". Steam presaurc, 75 pounds. 




E, — ^Air Card. 
Scale, 40". Air cylinder, 14 x 14. Revolutions per minute, 80. 

marked a degree, as the speed is much slower. The air card C was produced at the same 
time as the steam card 2>. 





Air Cylinder Diagram (Ingersoll). 

Steam cylinder, 10 x 12. Revolutions, 88. 

Air cylinder, 12 x 12. Receiver pressure, 68 pounds. 

Clearance at each end, 0.026 stroke. 



Steam Cylinder Diagram (IngersoU). 
12 X 14. Revolutions, 88. 





Air Diagram (Ingersoll). 

Steam cylinder, 12 x 4. 62 pounds Receiver pressure. 88 Revolutions. 
4ir cylinder, 14 x 14. Clearance each end, 0.02 of the stroke. 



Ingersoll Air Card. 



There are compressors in which the discharge valves are so constrncted as to require an 
excess of pressure above the receiver pressure to start them off their seats. This is due to 
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the great difference in areas between the openings through the port and the area of the back 
valve, while the water which is used in the cylinders of some such compressors seals the 
joint. In card A it requires 18 pounds, in G h% pounds, and in E 17 pounds, to get the 
valve off the scat. As in soiYie of these coinpressoi's the discharge valves are heavy blocks, 
and as these pressures are greater than when the machine moves rapidly, probably the 
inertia of the valves figures largely in making these high pressures on the diagram. In 
cards A^ (7, E^ the discharge openings are too small. This is shown in all the air cards, by 
the fact that the pressure does not fall to the reservoir pressure even after the valve is 
opened. Of these air cards, A^ 6*, and jE* show that the cooling arrangements are inadequate. 
This is shown by the great excess in the pressure of the compression lines over the dotted 
isothermal line. In A the temperature of the middle of the cylinder was l49 degrees, 
with the air of the room 53 degrees. Of course it is ev^'deut that the internal temperatures 





Pig. 1. 

were very much higher. In card E the cj'linder was so hot that the air began to expand 
immediately after the inlet valve closed and before the piston began to advance. 

Cases M and N are offered by the builders of the Allen (High Speed) Compressor, as 
from a 12 "x 12" machine running 144 revolutions per minute. The steam card, M, shows 
finely as regards absence of counter pressure, but neither the 
ateam line nor expansion curve is creditable ; the former indica- 
tive of throttling or wire-drawing. The air card, N, is much 
more satisfactory, showing regular and steady compression and 
quite prompt opening out, although the lead of the outlet valve, 
producing the rounded upper corner on the right, is reproduced 
at the lower right hand corner, showing an early attempt at closing. 

Diagram A illustrates the claims made by those advocating 
high speed with heavy reciprocating parts, to obviate the difli- 
culty arising from the steam and air maxima of pressure being at 
different ends of the stroke. The steam diagram being 7/i n 
O P Q (cutting off at, say J), the air diagram, m li S Q, will 
have its greatest height and area opposed to the least in the 
steam card. By the use of heavy reciprocating parts, the area 
m n JTwill be used up in quickening' these parts during the first half stroke, and the equal 
area, X^ Q Y^ given out as momentum during the latter half of the stroke, to oppose the 
resistance area at the right hand end of the air card. 

Setting Up and Using CojiPBEssoKS. 

Where a compressor is to be run by water power, it must be placed near the water-wheel 
and connected either by strong gears or by well-chosen and well-arranged belts. (Graphite 
will be found of use in lubricating geai*s, and castor oil the best thing to prevent leather 
belts from slipping.) Leather belts are improved by coating their surface with boiled linseed 
oil. Kubber belts are best for damp places. 

Where much air is required, there may be arranged an indei)endent steam-engine with 
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the main shaft carried out beyond the bearing far enough to have the air-pumps or com- 
pressors geared or belted from each side, so that the load shall be as constant as possible. 
There should be in most cases a reservoir near the compressor, and occasionally it is desii^ 
able to have a small one near the delivering end of a long run of pipe. 

If the tank be placed horizontally it is best to take the air out either at right angles, or 
in a reverse direction, to that in which it entered. The larger the pipe, and the fewer and 
more gradual the turns, the less the friction will be. There should be a valve at the junc- 
tion of the iron pipe-line and the hose which supplies the drills. 

The water used to cool the cylinder, being heated by this action, should be used to feed 
the boiler, thus retaining some proportion of the heat generated by compression. 

As far as possible, air-compressors should be automatic, so that they will start, stop, or 
alter their speed, according to the quantity of air consumed. 

Portable compressors may be made with advantage with the side frames and main por- 
tions of the machine of wrought iron instead of cast, thereby avoiding breakage during 
transportation. For such cases, also, the bed-plate may be hollow ; but for permanent work 
the bed-plate should be solid and massive. 

The Efficiency of Air-Compbessoss. 

It is desirable to know just liow much of the work done by the steam in the driving 
engine is spent in compressing the air in the compressor. This is found to be in compressors 
without piston or plunger, such as Soinmeiller's hydraulic machine, less than 50 per cent. 
In the hydraulic piston or plunger compressor, 90 per cent: has been utilized, where the 
piston speed was low, and the pressure not above 4 to 5 atmospheres. With external cooling 
solely, and 4 atmospheres pressure, the efficiency has been found to be 80 per cent. With 
the Colladon compressor, water spray injection, and piston speed of 345 feet per minute, the 
efficiency was 80 per cent., with tensions of 8 atmospheres absolute ; the air temperature 
rising from 12 degrees to 15 degrees C. (54 degrees F. to 59 degrees). 

Efficiency of compressed air engines, that is, the proportion between the work they do 
and that which the compressed air ought to give, runs from 60 or 55 in ordinary compressors 
working against variable resistance, to 70 or 75 per cent, for the very best machines. The 
efficiency of the whole system, that is, the proportion of the work measured on the crank 
shaft of the compressing engine, to the work done by the prime mover, is 20 to 25 per cent, 
for high pressures, and 85 to 40 per cent, for low pressures. At Leeds the net efficiency was 
•265 with 2-75 effective atmospheres, and -455 with 1«33 atmospheres. At Blanzy, Graillot 
found for final efficiency, -22 to '32 per cent, of the effective work of the steam. Eibaurt 
found the compressed air locomotive of the St. Gothard Tunnel to be 23 per cent, of the 
original water-power, the loss in this case being from the turbine, the compressor, the expan- 
sion regulator, and the locomotive cylinders. 

The ratios of full pressure and expansion are laid down by Zahner at a'bout '27 to -37 
for final efficiency ; this being calculated thus : 

w' being the work spent upon the air in the compressor, w" the work which the com- 

w* 
pressed air had to do, by theory —^ will be the theoretical efficiency, w being the actual 

work done by the prime mover, and w' the actual work done by the air, the real efficiency 

w 
will be — . As i/>' is 70 per cent of w^ and w' is 70 per cent of vf\ we will have the real 

effiiciency — to be — -r- = — r- = -49^. 

As «, the theoretical efficiency, is -55 for full pressure and •75 for complete expansion^ 
we will have the final efficiency of 27 and 87 per cent. 
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The following teble gives the ratios of efficiency at fall pre&Bnre to that at complete 
expanBion, at different final degrees C. Tliis table was prepared by Mallard, and reduced 
by Griineliaw to degrees F. The first colnmn gives the ratios of the final and initial tein- 
peratiires; the second the final temperature, with complete expansion, in degrees 0. ; the 
third the same in degrees F. ; the fourth the theoretical efficiency with complete cxpaiusion, 
in per cent.; the fifth and sixth the final temperatures in degrees C. and F., with full press 
ure; the seventh the theoretical efficiency with full pressure; and the eightli the ratio of 
efficiency at full pressure to efficiency at complete expansion. In all cases the itiitinl tem- 
perature is supposed to be 20 degrees C. (= 68 degrees !^.). From this table we can see that 
by working witiiout expansion we avoid low exhaust temperatores, but get low efficiency. 
When working at full pressure, the efficiency is lost with the highest working pressure. 

Mallabd's Table Showing MsBrrs and Deuebits of Full Pbessitbe ■ and CoiiPLirrE 

Expansion in the Use of Compbessed Aie. AnAPiEn to Ahbricax Usagk bt 

E. Gbimshaw. 
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The following table shows the quantity of water at 20 degrees C. (= OS degrees F.), 
to be injected in air-compressore, supposing that the water will be increased in temperature 
SO degrees C (= 68 degrees F.) The table, as given by Zahner in kilogramme^, \a nrranged 
by Grimshaw for ponnds as well ; and the equivalent of the calories is given in English lieat 
onits or degree pounds. 

Table fbou Zahneb, Showino amodnt of Cold Injection to keep the TEMrKRATtticE 
Constant nriuNO Compbession. 
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I Calorie = 3.2 Engluh Cendgrade heat units, or 8.968 English Fahr. beat nnits. 
1 English Ceotignde heat unit = .454 calorie, or 1.8 Euglisb Fahr. heat unite. 
1 English Fahr. heat unit = .352 ralorie, or .565 English Centigrade heat unit. 
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Loss m Tbahsmission of Cohpbe6bed Aib. 
At the Mont Cenis Tunnel tlie compressed air was carried in caet-iron pipep, 7^ iiieliee in 
diameter. The loss of pressnrc and air leakage in one mile and 15 yards was only SJ per 
cent, of the head, an expenditure of 64 cubic feet per minute of compressed air rnnning the 
absolute initial pressore from 5-70 nttnospherea to 5-50 atmosplieres. In the middle of the 
tunnel thd absolute pressnrc, after 3-8 miles, fell from 6 atmospheres to 5-7, or 5 per cent. loss. 
The loss of pressure varies directly as the length of pipe ; directly as the siiuarc of the 
velocity of the air in the pipe, and inversely as the diameter of the pipe. There is some 
gain by tlie difference of level between the compressor and the drill in many tunnels and 
monntaine. (See pp. 136, 308, end 364.) 

Table op Obseeted and Caxoplatko TBLOcrriES op Cohfbessed Aib at the Exrr frou 

Long Pipes. 

(In p^>er by S. W. ItdiinBoa, Van Kottran^t Magatine, May, 1881, p. 377.) 
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J., for Mr. hTh. Day. 
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The following table gives the stated capacities of the Clayton Doplex Compressor, for 
workiDg rock-drills and coal-catting machinee. 
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At Marqnette, Mich., the Kepablic Iron Co. has sabstitated for steam, compreseed air 
taken about a mile from the works, the compressor being driven by water power. Tlicre 
are 4 machines, 24 x 60 inch, driven by two 5J foot Swain turbines under 16 feet head, 
rated at 450 HP. The air pipe is of boiler iron, and 15 inches inside diameter. Tbe mines 
and ehopB aro said to obtain 66 per cent, of tlie effeeUve power of the wheels. 

In the matter of lubricating air compressors, James Barr, chief engineer of the lago mines, 
Sinaloa, Mexico, writes to the San Francisco MmiTig and Scientific Preaa (see Ko. for 
Sept. 10, p. 170), that he is using Grixby's system upon a double cylinder 16 inch bore 
compressor, giving perfect lubrication, and leaving the inside of the cylinder bright at a mir- 
ror, no rust or corrosion anywhere. Mr. Barr says that the same leathers tbat have been in 
constant use for over 9 months on the valves are still perfectly good, and to all appearances 
will last for many months to come. The consumption of oil is -nV? W- He states that the 
steam cylinder on the machine will furnish plenty of condensed water from the bibb cocks 
alone to run two such compressors. He says that the saving per year will reach $150 oq 
oil,. $550 on fuel, $800 on water, and $100 on lost time and repairs per year; giving a 
total yearly saving of $2,600. 



Abstbact of cebtaih Ahehioah Aib Compbessob Patents. 

Aug. 14, 1877, No. 194,217.— Henry Bnshell, New Haven, Conn. Eeservoir for com- 
pressed air. Lap-welded tube with solid heads welded in place. Two or more may be com- 
bined by a block or casting to which the tnbes are connected by bolts. 

Oct. 16, 1877, No. 196,253.— Jno. B. Root, Port Chester, N. Y. Air compressor. This 
is for the purpose of obtaining sensible heat from cheap power derived fi^m natural sources. 
When a permanent gas is compressed, some of its specific heat is tendered sensible, and mny 
be transferred by radiation or other methods. The greater the compression the greater the 
elevation of temperatnre and the larger the amount of sensible heat available. The gas, after 
giving out this heat, has an expansive force, and can be used for the purpose of doing work. 
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In so doing work, its temperature falls, and it will extract heat from other bodies. In Root's 
patent these forces are utilized ; there is nothing special in the apparatus themselves. 

Dec. 12, 1877, No. 198,067.— B. T. Babbitt, New York city. Hydraulic displacement 
air compressor. Duplicate air compressing cylinders or tubes are controlled by balanced 
valves, to admit the water or air alternately into a trunk or chute, with duplicate discharge 
valves. AH the valves are operated by floats in the two compi*essing chambers. 

Sept. 10, 1878, No. 207,954.— Willard D. Doremus, Washington, D. C. Displacement 
air compressor. Two rocking receivers connected by air and water pipes with a hollow sleeve 
and a hollow axle, having inlet ports, and upon which the sleeve turns. Water being admit* 
ted under pressure, the receivers alternately receive water and discharge air. (Bellows 
device.) 

Dec. 4, 1878, No. 211,570, — Moses Harvey, Leavenworth, Kansas. Air compressoi. 
Two hollow pistons, placed end, to end with a yoke block between them by which they are 
reciprocated, move in stationary cylinders communicating with an air receiver above. The 
spaces in the cylinders and pistons arc nearly filled with water when the pistons are at mid- 
stroke, and the motion of the pistons drives the water and air alternately from one cylinder or 
the other to the receiver. The air inlet valves serve also for the admission of spray of cooling 
water, and are in the center of the outer cylinder heads. 

April 15, 1879, No. 214,465. — Allen Spencer, Columbus, Ohio. Air compressors for 
pneumatic dental pluggers. Bubber bulb under a treadle. 

April 29, 1879, No. 214,769.— Wm. F. Garrison, Brooklyn, N. Y. Air and gas com- 
pressor. Steam cylinder is between and in the same line with two single acting air cylinders. 
Discharge valve is a piston of the same diameter as the compressing piston, by which it is 
pushed back, allowing the air to escape into the annular passage around the air compressor 
cylinder. The air inlet valve is contained within the discharge valve. 

May 20, 1879, No. 215,540.— Jno. B- Pitchford, Gold Hill, Nev. Air compressor. No 
water is let into the air cylinder unless the compressor is working, and not then unless the 
air valve opens. The piston has brass rings and hemp packing, combined so as to carry 
moisture all around the piston by capillary attraction. 

July 22, 1879, No. 217,834.— William Thomas, Jersey City, N. J. Hydraulic air com- 
pressor. Combination of an oscillating float and the lost motion oscillating weight for water 
valves at the proper 

July 29, 1879, No. 217,965.— Jno. B. Waring, New York city. Air compressor. There 
is an inner and an outer cylinder, both exposed to cooling influences, combined with a recip- 
rocating annular piston adapted to the compressing chamber between the two cylinders. The 
cooling is done preferably by spiral passages in water jackets. There is a hollow piston to the 
inner cylinder. 

Aug. 28, 1879, No. 221,126.— Jno. Trent, New York, N. Y. Hydraulic air compressor 
for domestic puiposes. 

Nov. 14, 1879, No. 221,818. — ^Wm. Johnston, Washington, D. C. Air compressor. Fixed 
shaft or bearing; cylindrical casing inclosed at its ends, jomnaled upon this shaft, and 
having within its upper portion valve chambers with inlet and outlet valves, and extending 
down to the upper side of shaft ; fixed partition extending between the lower side of the lat- 
ter and the lower wall of the casing, filling the lower half of the casing. Valve chambers 
have their side walls formed upon radial lines at angles of 60 degrees, and acting as pistons. 

Nov. 18, 1879, No. 221,802.— William Gardner, New York city. Air compressor. 
Lager beer arrangement. 

Nov. 25, 1879, No. 222,014.— James Clayton, Brooklyn, N. Y. Air compressor. To 
obviate the trouble of water jacket cylinders^ that the cylinder gets hottest near the ends, by 
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reason of the air being at ite grentest pressai-e at the eud of the stroke of the pieton, thereby 
biuding at the middle of the stroke and leaking at tlie ends. He has the inlets of his water 
jackets near the ends of tho cylinder, and the water outlet at the middle of the cylinder. 

Dec. 28, 1879, No. 222,802.— William P. Tatbam, Philadelphia. Air comprcesor. The 
steam and air piston have a double-anned rock sliaft, with its arms connected with the rods 
of the stoani and air piston, go that the compression is effected under iho decreasing leverage 
of the rock shaft arm and the correspondingly increasing levei-age of tlie arm of the steam 
piston. As the first or power arm moves from near its dead point to its point of greatest 
leverage and power, the second or resistance arm correspondingly moves from its point of 
greatest to its point of least levci-ago and resistance. The steam cylinders are single acting, 

Feb. 3, 1880, No. 22i,0Sl.— William It. Eckart, Virginia City, Ncv. Cooling device f:.r 
air compressor. As the piston approaches one end of the cylinder, a spray of water is dis- 
charged from a nozzle in tlio piston. The piston is hollow, the piston rod solid, Uie water 
being brought in by a rigid perforated tnbe wliicli passes through a stuffing box in one end 
of the cylinder heads, and enters the hollow piston head. Tlio spray is coatinaoiB, and in 
both ends of the cylinder at the same time. 

Mar. 13, 1880, No. 227,877.— Jas. M. Bois, Aurora, N. Y. Hydraulic air compressor. 
There are two combined air and water tanks, which are alternately emptied and filled from a 
large reservoir through two flumes automatically opened and closed by gates operated by floaU. 

June 29, 1880, No. 229,468.— Henry Richmann, San Francisco. Peculiarly shaped 
cniDO for carrying power from the steam cylinder to the air compressor. The crank for the 
cross slide of the steam cylinder is in one piece with that for the air cylinder. Tho air nnd 
steam cylinders have double piston rods, to get better balance and leave more room for large 
valves in the cylinder heads. Tiie pillars and bed pieces are hollow and act as the air reser- 
voir. The two cylinders are so nearly inline that one set of guides answers for both. There 
is a three-armed double crank of peculiar construction in this machine ; the air cylinder is 
water jacketed. 

Feb. 1, 1881, No. 237,274. — Hill's patent is for the nse of two or more compression 
pumps in combination with a steam or smaller engine (where a high degree of compression 
is desired), and consists in combining an automatic governing apparatus between two com- 
pression pnmps of difiereut capacities, so that air or gas under pressnre from the laigcr may 
be condncted to the smaller pump and again compressed to any desired degree at whieli the 
regulator may be set. In this patent there is a supplemental pump which will, when de- 
sired, fiimish extra pressure and power required for this special working. The supplemental 
pnmp is arranged beside the regular compressing pnuip, its piston rod being attached to a 
projection from the cross-head of the other pump, but a connecting pipe leading from tho 
fiist to the second pump, having in it a valve which, when closed, will prevent the passage 
of air from tlie lai^r to the smaller pnmps, and provided with a stem and lever. To this 
lever there in a piston working in a short cylinder, iho lower end of which is in communica- 
tion with the discharge, side of the supplemental compressor, so that if there be a pressure 
in the pipes or reservoirs on the discharge side of the supplemental compi-essor, it will 
tend to raise the lever and close tho valve, thus causing the pistoTi of the supplemental pump 
to work in vacuo, or nearly so. But when there is a demand raado upon the reservoir 
attached to the supplemental pump, then the pressure nndcr the piston will fall, the valve be 
opened, and compressed air fmin the larger pump will be furnished to the supplemental pump 
to be still farther compressed. 

Abstbacts of cebtaik Emolisu F&^tents. 
May 22, 1876, No. 2189. — Victor C. J. Ortmans, Brussels. Rotary pnmpe. Circular 
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shell having inlet and ontlet pipes. Body wider at the rim than at the centre. Rotating 
disc having four depressions, each of which is fitted with a bntterflj valve upon a spindle or 
axis crossing the middle of the depression radially to the centre of the plate. Fore side of 
each valve is heavier than the rear side. An obturator is formed of two solid portions pro- 
jecting one from each side of the chamber ; the ends being curved to shut tlie valves. 

Jan. 3, 1877, No. 39. — Jno. Shaw, Ovenden, near Halifax, York, and William Timbrel 
Clark, QueeriBbury, near Halifax. Apparatus for compressing or forcing air. Inlet valve 
operated by hydraulic cylinder and piston, cylinder being attached to the piston rod or other 
moving part of the compressor ; hydraulic piston connected to a cross-head to which the valve 
spindle is attached, or Fame piston and cylinder may work by vacuum instead of by liquid. 
Or steam cylinder and piston in conjunction with or independent of the moving parts of the 
compressor. Or valve may be operated by eccentrics ; or having small cylinder and piston to 
each inlet valve, this may be operated by compressed air from the compressor. Or the valves 
may be worked by tappets upon the piston rod. Or there may be a rack upon the piston 
rod, gearing with a pinion having a stud to operate the valves. Outlet valves may be closed 
by pins and levers, or by friction. 

Sept. 25, 1877, No. 3,599. — Jno. Edward Stokes, Upton Manor, Essex. Air compressor. 
Series of inlet valves and cylinders in the outside covers of the main cylinder, free from 
springs. Small cylinders have centre guides for the valves. Inlet valves are horizontal ; out- 
let valves are in small vertical cylinders on the top of the main cylinder,- and are adjustable 
by set screws. 

Sept. 28, 1877, No. 3,(;33.— Sydney Pitt. Communication from Thos. Fitch Rowland, 
Green Point, L. I. Apparatus for transmitting compressed air to moving machines. Auto- 
matic air-tight drum carrying a flexible tube, and automatic apparatus for winding and 
unwinding the tube ; air enters the axle of this drum, Eotation is by a cord and weight. 

April 10, 1877, No. 1,396. — George Henry Fish, Memberton. Apparatus for compress- 
ing air. Induction valve worked by positive means. Induction valve is annular or cylin- 
drical, and smaller than the inside of the cylinder. In the openings passing through the 
cylinder ends, and being in a circle just inside the inner circumference of the cylinder piston, 
a hollow cylinder open at each end, but with a solid disc in the centre. Open cylindrical 
ends pass between the cylinder walls and the exterior of the induction valve, which has a rub- 
ber friction ring to cause drag between the piston and the inner edge of the valve. Outer 
edge of the valve has rods passing through the induction openings, and each connected to a 
lever arranged radially to the cylinder, having inner ends close to the piston rod and fulcra 
midway. A tight collar upon the piston rod acts upon these levers. Delivery valves are 
radially around the circumference of the cylinder at each end. There is a central valve at 
each end in the cylinder, close around the piston rod. Side openings in the open cylindrical 
ends of the piston con*espond with the radial delivery openings. Motion of piston drags 
induction valve, by friction of collar vn^n the piston rod, closes it by the levers. 

Jan. 17, 1878, No. 228. — John Kamsbottom, Leeds. Obtaining motive power from liq- 
uids and gaseous fluids, and for pumping and compressing. Cylinder bottom is cylindrically 
concave and oscillates upon a parted cylindrically convex valve boxe^, and divided e4ually 
lengthwise by radial mid feathere, the bottom of which formsthe center of oscillation. Be- 
neath this line ot length there is a tension plate, to which the cylinders are bound by 
adjustable bolts. 

Jan. 30, 1878, No. 890.— William Morgan Brown, 38 Southampton Buildings, London. 
Communication from Geo. F. Blake, Boston, U. S. A. Steam pumps for compressing or 
exhausting air. Yalve plate bearing inlet and discharge valves between flanged top, having 
inlet and discharge openings and flanged fluid chamber, all bolted together. Openings in the 
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top of the fluid chamber connecting with the valves by cliannel wajs to prevent material con- 
nected and expel all material pumped. Inlet valves open downwaixl ; discharge valves up- 
ward. Piston rod has an adjustable bushing, which may be turned to allow for wear. Rub- 
ber valve having under sui-face concave from edge to centre, and centre held so that central 
portion of the face will set later than outer portion. 

Jan. 17, 1878, No. 228. — Jno. llamsbottom, Leeds. Oscillating motors, pumps, and 
compressors. 

April 6, 1878, No. 1,361. — Edgar Gaylord Wheeler, Strand, Ix)ndon. Compressor. (Pro- 
visional protection only.) Inlet and delivery valves have flat laces and flat seatings, and the 
opening through the thickness of metal is filled by a projection or boss on the valve below. 
The seating of an angular or conical fonn, so that when the v«ilve is down the whole space 
is filled up, and when the valve is lifted there is enlarged space for the passage of the gas or 
air. There is very littTe piston clearance and the piston head is faced with India rubber ; or 
there may bo a powerful spring outside the cylinder in connection with the cross head. Pis- 
ton rings are self-expanding by pressure from the end rubber discs. Any leakage past the 
ram piston leaks into the outer air and not into the intake side. Glands are packed b}' gly- 
cerine under hydraulic pressure applied by a weight or plunger. Or gland may be packed by 
thin sheet of metal bent around the rod or ram, outside of which there is a rubber ring ; 
screwing up the edge of the ring swelling up the rubber and pressing the metal closer around 
the rod or ram. 

Oct. 4, 1878, No. 3,917. — John Henry Johnson, 47 Lincoln's Inn Fields, London. Appa- 
ratus for compressing ammonia and other gases. Two plungers connected and operated by 
connecting rod and cross-head. Between cross-head and arm there is elastic material. All 
valves arc in the middle of the cylinder head and closed by springs. In one arrangement, 
the cylinder head forms a seat for a spring outlet valve carried upon a tubular stem sliding 
in the valve cylinder. Induction valve is in the centre of the outlet valve. The pump 
cylinders are grooved for packing rings, or for glycerine and plumbago. 

Oct. 15, 1878, No. 3,223. — Jas. Gaddon, 22 Oastelnau Villas, Baraes, Surrey. Sucking, 
compressing, and discharging fluids. Series of pumps at any angle, moved by a series of 
tappets, and wheels mounted on a shaft ; pistons being returned by springs. Tappets ai'e 
arranged in the form of a screw. 

March 26, 1879, No. 1,200.— Wm. Henry Northcott, No. 8 Union Court, London, E. C. 
Piston of main cylinder is prolonged to form a second and smaller cylinder. Air drawn 
into the main cylinder by the motion of the main piston in one direction, is forced into the 
smaller cylinder during the return stroke, and there further compressed by a stationary pis- 
ton upon .'which the second cylinder works. Air cooled by a water coil between the stages 
of the compression, as well as after. Water jacket or injection. Safety valve upon water coil. 

April 30, 1879, No. 1,701. — Thos. Cartledge, Manchester. Compressing and condensing 
air. Series of air pumps of gradually diminishing area and increasing strength. (It will be 
noticed that this patent claims stage pumping, already long known and practiced.) 

July 21, 1879, No. 2,960. — Edmund Edwards, 40 Southampton Bridge, London. Com- 
munication from Edouard Eeyer, Vienna. Compressing and exhausting air. (Provisional 
only.) Two closed vessels connected to water supplv^, by a 4-way cock ; one fills as the other 
discharges. Amount of compression depends upon height of column of water in one column ; 
amount of exhaustion, upon length of the other pipe going into the cistern below. 

LrrERATTRE OF AlR- COMPRESSORS. 

Andre on *' Coal-Mining," p. 169. This discussion in Mr. Andre's work is full and most 
excellent. 
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Paper on the " Production and Use of Compressed Air in Mining Operations," by N. F. 
L. Cornet. See "Journal of the Franklin Institute/' Philadelphia, June and July, 1877. 

'' English Mechanic and World of Science," vol. xxii., p. 406. 

" Scientific American," for April 29tb, 1876, p. 277. 

"Engineering," vol. xii., pp. 193,241 (1871), and vol. xiii., p. 86 (1872). 

"Notes on "Work Performed by Compressed Air," by M. L. Trasenter. Paper before 
the Liege section of the Association of Engineers. See " Universal Review of Mining," etc. 
(English edition of the " Revue Uni vereelle des Mines," etc.) London and Li^ge, March, 1874. 

Report by Prof. A. Habets on ^^ Exploitation des Mines^^ at the Vienna Exhibition. 
^^ Jievue UniverseUe dea J/in^," etc., vol. xxxvi., l*"* livraiaony July and August, 1874. 
(This has also been republished in separate form. See " Bevne Univeraellej^ vol. xxxix., 3"" 
lim*aison^ June, 1876.) 

Paper on " The Performance of Compressed Air applied to the Transmission of Mechan- 
ical Work," by Paul Piccard. See " Minutes of the Proceedings of the Institution of Civil 
Engineers," vol., xlv., p. 273 (Session 1875-'76); also for the same paper, ^^BvUetin de la 
Societe Vaudoise d^ Ingenieurs et des ArchitecteSj^ for 1876, p. 10. 

" LAir Comprime et ses Applications^^ by M. A. Pernolet, Paris, Dunod, 49 Quai des 
Augustins, 1876. 

Paper on " Air Compressors," read before the Fi-anklin Institute, by Robert Grimshaw^ 
Ph.D., absti-act published in "Journal of Franklin Institute," June, 1881. 

Notes on " Air Compressors," by fi. Grimshaw, running through various numbers of 
the Pittsburgh " Brick, Tile, and Metal Review," August, 1881, et seq. 

Rapports trimestriels du conseil federal Suisse attx gouvemments desetats qui ontpa/r-- 
ticipes a la ligne du St Gothard. Berne ; Librairie J. Dalp. 

Transmission of Power by Compressed Air — ^Robert Zahner. Van Kostrand's Science 
Series, *40, 1878 ; 132 pp., 18mo. 

The first mention of the art of boring was in a book published by C. T. Delius, in Venice, 
1770, The art was doubtless invented by the Chinese, and brought to Europe by Jobard. 
There are two ways, one by rigid rods and the other with a rope. There are two distinct 
operations — ^first, the raising and letting fall of some heavy tool into the bottom of the bore 
hole, cutting up and breaking the rock into small pieees, and second, raising the debris or 
sludge from the bottom of the hole. On the Continent all the deep borings are generally 
carried on by the aid of the boring lever. The breakage of the shaft rods, especially at their 
screw joints, is a constant occurrence in deep holes. It is necessary that the rods be light 
and stiff, hence wooden rods are often used, especially where the bore hole is full of water. 
In 1840 Kind invented the lengthening screw, which has superseded the chain, in deep 
borings. There are two long side links held together at the top by a pin, the nuts screwing 
on at the ends outside the links. In 1831 borings were commenced at Neusalswerk, West- 
phalia, for salt, under the direction of Von Ocynhausin. In 1834, 900 feet had been reached, 
but there were found nnsurmountable obstacles, although there were 1,300 feet more to be 
done. Then the engineer conceived the idea of detaching the lower parts of the rods, and 
invented the sliding sheara or jaws. Kind's free falling boring rod was employed for the first 
time in 1844, at Moudorf, between France and Louxembourg. There are two principal parts 
of the free falling instrutnent — the free falling rod and the shears. The rod has at its upper 
extremity a small tongue piece about 2 inches long, H inches wide, and If inches broad, the 
bottom of the rod being f inch broad and li inches wide just below the tongue. About 12 
inches lower down there are inserted two nose pins of steel, the bottom of the falling rod 
terminating in a cylindrical portion or neck, to which the lower rods of the boring chisel can 
be secured. 
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PART 11. 
Machine Kook-Dbills * — ^theib Histoby and Chabaoteeistics. 

"We have seen in Chapter II. the successive dates in the history of explosives, rock- 
drilling, and blasting ; how gunpowder was invented by Berthold Schwartz, in 1320, and how 
blasting was first applied in niining by Martin Weigel, in the Freiberg mines, in 1618. Also 
that in 1683, Henning Huthmann, rector of Ilefeld, proposed the firpt " boring-machine," t 
a drop-drill in fact, as it is said it was to be raised by a rope drawn by two men and then 
dropped. This drill, according to Calvor (1763), with ten blows would sink a hole one and a 
half inches deep, and a hand's breadth wide and long. (There is a copy of Oalvor's work in 
Mr. Eckley B. Coxe's library at Drifton, Pa.) Further that, in 1721, Barthels, of Tellersfeld, % 
is said to have invented a machine for drilling or boring (also said to be for shafts^ probably 
a drop-drill), and that in 1803 a machine, said to work " quicker than a miner," was made 
by Gainschnigg,§ at Salzburg. (See also for early data, anie^ p. 188.) 

In 1813, Richard Trevethick, the distinguished English engineer, is said to have «ti^- 
geated rock-drilling by machinery. D 

In 1838, 1 J. M. and John A. Singer ** experimented with a large drop-drill on Section 
54 of the Illinois and Michigan Canal, about thirty miles below Chicago. This machine was 
patented in May, 1839, and some ten or twelve machines were built for and used upon the 
canal, until the suspension of that work in 1841-'42. They were also used in the Mount 
Washington Cut, near Hinsdale, for the Western Railroad of Massachusetts. Two machines 
were built at Lockport, in 1840, and used upon the enlargement of the Erie Canal. Modifi« 
cations of these machines are still in use in various parts of the country. They are all drop- 
drills, and their operation is restricted to vertical holes. (There have also been many patents 
taken out for hand-drills (see p. 259). As there seems little likelihood of the latter ever 
coming into general practical use, they have not been treated of in this work, though the 
number of patents taken out for drills of this description would indicate the attention 
given to their study. From 1852 to 1876 inclusive, there were some eighty patents issued 
for them in the United States.) The original Singer drill, as used in Illinois, is considered 
to have been the first successful machine for its purpose. 

In 1840, bore-holes were made with a rotary borer f f at Lankowits, in Styria, for drill- 

* The name " rock-drill " is in most cases a misnomer, as the devices used for perforating rock very seldom have 
a drilling action proper. The French word ^^ perforatriee,''^ or perforator, is nsed with better reason. However, 
there is little more use in calling attention to this fact, than in stating our use of the word fore-plane as incorrect 
and the English use correct ; ihe English meaning by fore-plane what we call a jack-plane, which is really the 
"before plane. 

t BIHha, ** Eisenbdhn-UfUer^nd Oberhau," p. 860 ; also Stapfl, « Ueber Gesieinbohrmaaehinen,'* n. 2, foot- 
note, and R£ha, ** Tunnelbaukitnai" vol. i., p. 181. 

t Stapff, p. 2. 

g RBha *< Tuftnelbaukunsi,'' p. 181 ; also Bsiha ** Etsenbahn-Unier' und Oberbau/' p. 850 ; MoU's AnndUn^ 
vol. ii., p. 800 (1808) ; SUpff, p. 42. 

I BBha, *' Eieevbahn'TTfUer- und OberbaUf** p. 860. 

t R. W. Raymond, << United SUtes Mining Statistics," 1870, p. 508. 

** It is an interesting fact (though one hardly collateral to rock-drilling) to note that the weU known ''Singer 
sewing-machine " was invented by one of these men. 

ft Stapff, " Ueber Oesteinbohrmaachinen,'* p. 220. 
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ing holes in lignite. Fig, 79 showB an illustration of one. Similar appliancee were also 
used a little later in the gypaum quarries of Pai-ia. Another was used in the slate quarries 
of Rimogne.* Kranner used rotary drills for making stone water-pipe in Prague, in 1845, 
and later he used them in boring limestone during the construction of the Karst Railroad in 
1853-'57.t Later, the rotary borer was applied to a steam-drill (Schwarzkopffs drill, 1857, 
<^ig. 80.) This latter was tried at the Mont Genis Tunnel. (The later De la Boche Tolay 




ROTARY BORER FOR LIGNITE OB ANY EASY MATERIAL. 

drill is also of this type. In the latter, instead of a steel drill-point, diamonds were sot in 
the rotary borer. It was, in fact, an application of the ordinary diamond-drill principle.) 

In 1844, Brunton proposed using compressed air^ for working drill-hammers, the air 
after use to serve in ventilating. Compressed air had long before been tried for machinery 
(seep. 135), but this seems to have been the first proposal to apply it to its great modern use. 

In this connection, also, Naemytli's borer may perhaps be noted. It was described by 
Mr. Nasmyth before the British Association for the Advancement of Science, at the Liver- 
pool meeting in 1854, and Mr. Nasmyth's remarks are reported as follows :§ " In the ordi- 
nary methd of boring holes for blasting, by striking at the end of the bar with heavy 



* SUpS. " Ueber OeeteinbobrmMchiDea," p. 331. 

f BSilia, "TuDtielbDukunst," vol. I., p. 132. 

% BiiliB, " TunoelliRukunst." vol. I., p. 133: lUtiha, " ElsenbaliQ- Unt«r- und Oberbau," vol. i., p. 851. 

g " Civil Enijiinoers and Archttecla' JoaiUKl," vol. xvii.. \\ 400. 
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LamincrB, a great portion of the effect is lost by wl»at is commonly called the ' inertia' of 
the bar. To overcome this defect, Mr, Naamyth proposed to convert tho bar into a piston- 
rod, to work in an air-tight cylinder through a stufflng-box. By this means, when the 
piston is drawn to the end of the cylinder, tho pressure of the atmosphere will force it back 

again with accumulating velocity, and the 
"~ ^ j^ .^H^Htt^Ml^ blow stniek will have much greater effect. 

. ^^jh^^^BKb Mechanical contrivances might be intro- 
duced for changing tho shape and the direc- 
tion of tho penetrating point. Tlie bar 
could be drawn to tlie end of the cylinder 
by any convenient application of mechanical 
power. The annexed wood-cut (Fig. 81) 
represents the form of the boring apparatus, 
as skctclied by Mr, Nasmytli. It was sag- 
gested, in the discussion that ensued, that a 
similar effect might be more readily pro- 
duced by tho employment of vulcanized 
india-rubber springs. Mr. NasmytU ob- 
served that any elastic medium would an- 
swer the purpose, but air enggeeted itself 
as affording greater extent of spring." 

Nasmyth's steam forge-hammer (patent- 
ed December 2d, 1844), also proposed for 
breaking stone, was a step, though a false 
one, in the history of rock excavation. 
This hammer, in a modified form, was sub- 
sequently used in the gypsum quarries of 
Marcousis near Paris. It is said that here 
the nearest approach to a percussion -drill 
was attained short of th^ true invention, as 
the attaching of a tool to the hammer was tried. The motor (steam), however, was only 
applied on one side of tho piston, and there was no provision for rotating tho drill.* 

In 1S45, Mauss first proposed his rock-cutting machine (worked by revolving cutters) for 
use at the then proposed Mont Cenis Tunnel. He, however, did not perfect his plan until 
1849, and in 1850 it was abandoned as impracticable.f All these attempts, however, had 
not reached tlie stage of the machine rock-drill as we now know it. The idea of full area 
tunnel-machines, or machines designed to cut out a smaller core as a heading, originated by 
Mauss, was very generally discussed. 
Patents for machines of this descrip- 
tion have been taken out both in Eng- 
land and the United States. Brunton's 
tunneling-niachine for boring through 
chalk, proposed for use in ihe Channel 
Tunnel, is the latest production. 
Among other English patents in this direction have been tho following : 




Fio. 80. 
SCHWARZKOPFF'S ROTARY DRILL. 

(Tried at Ml. Cenla TuoDcl.) 




* StapS, " TJeber OeBteinbohnnaAcliinen 
f RXiliu, " TDanelbaakiiaat," vol. i., p. 1 
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TABLE 19. 
ENGLtSH Patents for Machines taking out full Area attacked. 



DATE AND NUMBER. 



Marcli 29th, 1856. 

No. 7eo, 



NAME OF INVENTOR AND BRIEF OF PATENT. 



July 30th, 1864. 
No. 1004. 



August 26th, 1870. 
No. 2349. 



June 20th, 1871. 
No. 1612. 



1875. No. 2999. 



1875. No. 4166. 



C N. PBNRIOB.— Cuts tunnel full size. Rotation 
bv worm-ffear ; valve operated directly by tappet. 
This machine is distinguished by having in its 
specifications what is, in fact, the first claim for a 
tappet on a rock-cuttin^r machine. 



FUBLIBHED DESCRIPTIONS. 



See "The Engineer," vol. vii., 
p. 426, June 17th, 1859. Descrip. 
tion with illustrations. 



F. B. B. BBAUMONT.—Gang of cutters ; sup- 
plementary valve ; tappet and annular projection ; 
hand feed ; rotation automatic by worm and feather. 



T. F. HBNUBT.— Guts tunnel full size. 



B. A. OOWFBR.— Several machines mounted on 
trunnions ; cuts drifts full size. 



PBNRIOB.— For rock-tunneling and shaft^nking. 



F. B. B. BBAUMONT.— Tunnel-driving machine. 



'* Engineering," vol. ii., p. 22, 
January 18th, 1871. Full de. 
scription with illustrations. 



In America, the Hoosac Tunnel, as in Europe the Mont Cenis, set the minds of 
inventors to work on designing tunneling-machines. One was constructed in South Boston, 
in 1861, especially for the Hoosac Tunnel, which weighed about 70 tons, and was de- 
signed to cut out a groove around the circumference of the tunnel 13 inches wide and 24 
feet in diameter, by means of revolving cutters. The central core left was to be subse- 
quently blasted by gunpowder. On March 23d, 1853, Mr. A. F, Edwards, the first engineer 
in charge of Hoosac Tunnel, testified as follows before the Joint Special Committee of the 
Legislature of Massachusetts, as to this machine : 

" Again, from the time the charter was granted to the Troy and Greenfield Eailroad, 
when the feasibility of tunneling the Hoosac Mountain was settled by the people in the act 
of the Legislature of Massachusetts, beyond a possibility of doubt, the mechanical and en- 
gineering talent of the Yankee combined have been turned to the most economical method 
for its cunstruction, in the shortest possible time. And among the various improvements in 
iniuOiiiiery for drilling stone and making excavations, no machine at the ^jresent day should 
Odtninand the attention of railroad men more than Wilson's patent stone-cutting machine 
for tunnel excavation in rock ; the first working model, of 100 tons weight, is now at the 
IIooHiW! Mountain, experimenting in various ways, and perfecting the principles of the same. 
Tho nmult of its workings in the natural rock, under every disadvantage, in the different ex- 
|iorhnantM, has been from 14 to 24 inches forward per hour, on a full circle of 24 feet diame- 
ter ; nx<us()(ling tho expectations of its most sanguine friends, and bidding fair to revolution* 
l/<o tho whole syHtein of railroad-building. At the view, by the committee of the 
MHMftchuHdttM Legislature, of the working of the model, under many disadvantages, the 
iimt'hiho (Mit tho rock at the rate of li lineal feet per hour, with tho thermometer at only 
two (l(igre(.*M above eero, on that morning, although exposed in the open air, with all its cast- 
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iron fixtures, which should be of wrought-iron. The machine has never worked less tlwn 
14 inches per hour. To show with what progress this tunnel could bo worked, I will say 
the machine will cut 13 inches per hour, 33^ per cent less than was actually witnessed by the 
committee of the Legislature. la two hours tlio machine will cut, at that rate, 2 feet for- 
ward ; the ring of the tunnel (of which the diameter is 24 feet, interior diameter of the core 
22 feet — making, in quantity cut, 2^ cubic yards, thus leaving a core of 22 feet diame- 
ter = 14 cubic yards) to be tskei: out by blasting, the same to be transported out under the 
machine, after it is run back, which I propose to rest for two hours, that the maching aud en- 
gine, which is to be attached to the machine for its working and its locomotion, when per- 
fected, may bo examined, wiped, oiled, and any cutter or nut adjusted. During this two 

hours, the core will bo blasted by means of cast-iron shells, so encased in wood as to lit ■ - 

exactly a portion of the ring ; the same will be fired by electric battery. 

" The space under the machine being 7 feet high and 10 wide, and a second track ^nar- 
row-gauge) laid between the machine track-gange, for the transportation-cars, the cars (very 
low platform) will be run up and loaded. The 3J yards of dust to the foot, or 54 yards for 
tlie 2-feet chip-cutting made hy the machine (being transported out while tfie roachine is in 
operation), but 14 yards to a foot, or 28 yards for tlie 2 feet, remain to be moved in the 
two hours = 10 car-loads. It will not be necessary to transport the whole (10) out in two 
hours, as the space between the machine and tracks will admit of their having two or three 
car-loads between the rails, which can he transported out while the machine is at work. 

" One man will move 30 yards of stone in a day of ten hours with all ease, aiul on 
masonry work the average exceeds this. The moving and unloading of cars is comparatively 
small — the average time for loading, replacing the same with empty cars, will be 15 minutes, 
which can be done with all ease by eight men. Only six car-loads of stone to be moved in one 
foot = 12 car-loads in 2 feet, and as the two car-loads, contents of the ring, and two car- 
loads between the machine and the rails, arc transported in the two hours, while the macliino 
ia at work, but eight car-loads remain to bo moved iii the two hours tliat the machine is idle, 
while the whole tunnel excavation will advance 2 feet on one face in four hours = 12 feet 
in 24 hours, and with two machines, one at each end, at the same rate, will progress 24 feet 
per day — thus completing the entire excavation of the whole tunnel in 1005 days, and pre- 
sent a hammered faced surface upon each and every side." * 

Tarions trials, in the early days of the Hoosac Tunnel, were made with this machine, 
tlie total distance cut by it amounting to about 10 feet ; but it did not prove successful. A 
second machine, constructed at Hartford, and known as the " Talbot Tunneling Machine," 
also working on the principle of revolving cutters, and adapted to cut out a core 17 feet in 
diameter, was tried about this time (1833) near Harlem, New York, but proved a failure. A 
third machine was constructed in New York, adapted to cut a core of 8 feet. This one was 
taken in hand by Mr. Herman Hanpt, diiring his contract at Hoosac Tunnel, Hnupt & 
Comi>any expended about |25,000t upon it, but it was never put in practical operation at the 
tunnel. A machine of this description was reported iti 1857 (about the time Mr. Haupt 

tried the above one) to have cut a 6-foot hole in hard rock, in California, at the rate of 23 ? 

inches in one hour and forty-five minutes, or at the rate of 26 feet per day, with one ma- '^ 

chine. This type of machine has been about given up in America. T. Lindsley's patent 
(No. 55,514, June 12th, 1866) and R. C. M. Lovell's (No. 67,323, July 30tb, 1867} are 
probably about the last. Mr. B. II. Latrobe well put the objection to them in his report of 
October Ist, 1862, to the Commissioners of the Hoosac Tnnnel.J 

* Beporl of Hearing, etc., betoro Joint Special Committee of tUe Legislature of MaBsacbnaetts (18(3), p. IT. 
t Boston " Daily Bee" Extrm. Remarks of H. Haupt, Juno 9lli, 1857, p. 7. 
} HtiMcliiisetta Legislative Beporle. Seaale, No. 93, 1863, p. I3S. 
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" The novel and ingenious machinery for driving the tunnel, either by an annular groove, 
or a cylinder bore in the centre of the section, I could entertain no confidence in, from the 
first suggestion, as they require the machines to do too much and the powder too little of the 
work ; thus contradicting tiie fundamental principles upon wliich all labor-saving machinery is 
formed." 

There is a description in the " Builder," vol. xxix., p. 463, for Juno 17th, 1871, of a 
borer invented by Von Schmidt, of San Francisco. It is a large rotary borer of 8-feet 
diameter, but instead of the cutters used in former machines, twenty-four diamond drills, 
placed 1 foot apart, are put around the rim. It is a novel application of diamond boring, 
but does not seem to have met with success. In the centre of the wheel is an advance borer, 
and the idea is to load only the central hole. The Brunton machine, which appears to give 
good promise, will, if it succeeds, be the first machine of the circular-cutting type that has 
stood a practical test, and even it is not intended for use in hard rock with alternate blasting, 
but simply in soft chalk where it is expected to bore its way like an auger. It has not as 
yet had any extensive practical test in a large tunnel, though many successful trials with it 
have been reported. It has been hoped that it might be applied in the construction of tlio 
long-proposed Channel Tunnel, should the latter ever bo constructed. (Good descriptions of 
the Brunton machine will be found in'^Zwick's " Neuere Tnnnelbauten," p. C8, with cuts. 
Also there is a paper on " Brunton's Heading-Machine," by William Johnson, read before 
the Chesterfield and Derbyshire Institute of Engineers, October 2d, 1875, and published by 
Bemrose & Sons, 10 Paternoster Buildings, London. See also " Engineering," vol. vii., p. 355, 
May 28th, 1869.) 

And now let us turn to the history of the percussion rock-drill, as we now know it, the 
machine that has revolutionized tunneling, and made possible the construction of the great 
tunnels of Mt* Cenis and Hoosac, and which speeded the St. Gothard and the Sutro tun- 
nels successfully to their conclusion. Where did it originate ? At the recent formal opening 
of the great Hothschonberger StoUen, at Freibei^, commenced in 1844 and finished in 1877 
(see p. 350), it was said* by the orator at the opening celebration (April 12th, 1877), that the rock- 
drill was originally a Freiberg invention, and was there tried in the Rothschonberg adit, 
but unsuccessfully ; and that finally, after its perfection in America, the rock-drill liad re- 
turned to Freiberg, its birthplace, and had been used in the completion of the tunnel. This, 
though a pretty instance of poetical imagery applied to a dark subject, is, nevertheless, wholly 
erroneous. The drill referred to is Schumann's percussion-borer, the original model of which 
is preserved in the Academy at Freiberg, and out of which the Sachs drill subsequently grew. 
It was invented in 1854-'55, and Fig. 82 is an illustration of the drill tak^n from Kiiha. Eziha 
falls into the same errorf as to the origin of rock-drills, in his earlier work, assuming that the 
Germans first designed them, saying: "It was German mining, especially Saxon, which took 
the initiative step in tlie construction, of boring-machines ; and from them Schumann's drill, 
introduced in the HothacJumberger StcUen at Freiberg, in 1857, was developed." 

Stapff says :% *' Freiherr von Beust advocated experiments with a machine to be driven 
by compressed air, a model of which had already been built in the summer of 1855 by the in- 
ventor Schumann in Freiberg. The first machine tried in the spring of 1856 was automatic, 
and a later one was patented in Saxony, February 17th, 1857. Toward the close of 1857, they 

* Paper by B. W. Raymond at the May meeting, 1877, at Wilkesbarre, of the American Institute of Mining 
Sngineera (Transactions of the Institute, vol. vi.) Also "Engineering and Mining Journal," New York,' vol 
;^xiv., p. 890, November 8d, 1877. 

t '^LehrbtAch der Gcaammten TunnObaukunst " (1864), vol. L, p. 184. 

X ** Ueber Oestctnbohrmaschinenf*^ p. 188. 
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were inti-odnced ia the KothschonbergerStollen,near ITreiberg, regnlar work being done with 
them in 1858." (Their use, however, was subseqaently discontinaed, and it was on]j the last 
few hundred metres of tlie tonnel in 1875-'76 that were driven by rock-drills tinder a contract 
taken by Mr. Adolf Mezger). Now, liere the claim is distinctly made for the first initial a^ 




Fio. 83. 

THE SCHUMANN DRILL. 



tempts at constmctinj^ percnssion rock-drilla in Europe, aa originating about 1854 to 1855 in 
Germany. In Rziha's later work* (1876), lie speaks of Cave's rock-drill worked by compressed 
air ; constructed in Paris in 1851. Stapfff gives cuts of this drill, and says it was patented in 
France, October 15th, 1851. This then would seem to bo in reality the first European per- 
cussion-dnU. 

Fig. 83 is a sectional drawing of Cave's drill taken from Stapff. The tool was rotated by 
hand by turning the handles a attached to the guiding-rods o of the drill. Drill was re- 
versed by turning the valve by band. Exhaust air or steam was led through a pipe t to the 
bottom of the drill-hole to keep it clean. Blow cusbionod— exhaust steam being led off 
through ports at a distance from the cylinder-head. Drill designed to run with either steam 
or air, also "electric currents" — latter power not explained. According lo Bande, in the 
" Berg u. Iliitt. Zeitnng," 1864, p. 148, " The machine works slowly and is difficnlt to handle." 
One would think so. It is further said that Cav^ actually did run this drill with c&m.pressed 
air in 1851 (as noted above) ; also that rubber (" gutta-percba") conduct! ng-pipo was used. 

Now, imperfect as tills machine was, it certainly is of great interest as being the first 
in Europe, and it is well to note liow, from the very beginning, American drills have 

• " Ei'unbahTi' UnUr- und Uberhau,'' voL L, p. 35. 

t Stapff, •• UebtrOesteinbohrTnaw:hinen,"^.m\. SceaiBoaaC^yu'sdiiil," SuUefindelaSoeidfii'Eiitouraffe- 
meiit pour riadasti-ieMinerale," 1868, Wseries, No. 182. Also tho "Bergund HulUntnanaiachtn Zeitung," 1864, 
p. 147. 
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taken precedence over the European types. Two points about it, however, should be partic* 
nlarly noted: crude as it is, it nevertheless embodies the essential principles of direct 
action — i. <»., the drill is moved by the direct action of the steam, and not by an auxiliary en- 
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CAV&S ROCK-DRILL. 

(First European Rock-Drill. Patented, France, October 151b, 1861.) 

gine, and, moreover, the drill is directly attached to the piston-head — i. e,y the "hollow pis- 
ton'' principle was not used. But it came far short of being a practical machine, since no 
motion was automatic. Indeed, it can hardly be called a drilling-machine, but leather a very 
crude apparatus for making an experiment. Now, Cavd's patent dates October 15th, 1851. 
Bartlett tried his first experiments in 1854 — Schumann in 1854-'65. 

Let us turn to the American record. The ^rst American perciissioih rock-drill was in- 
vented by J. J. Couch, of Philadelphia, and his patent was taken out March 27th, 1849. Fig. 
84 is an illustration of the method first proposed by the inventor for applying it (being a 
copy from an old print of the drill). Couch was aided in the construction of this drill by 
Joseph W. Fowle, more recently of Boston. Their experiments upon the construction of a 
machine rock-drill were carried on during 1848 ; in that year, Fowle built for Couch a work- 
ing model, with which a number of holes were drilled in a block of granite.* In 1849, Couch 
and Fowle separated, and Fowle developed a drill of a distinct patent, which will be de- 
scribed farther on. In Couch's drill, the drill-bar passed directly through the piston of the 
engine, and was alternately caught, drawn back, and thrown like a lance against the rock. 
It was only used a short time in experimenting, but is of importance as being unquestion- 
ably THE FIRST PERCUSSION ROCK-DRILL EVER MADE wliicli actcd independently of gravity, 
and operated the valve of the engine which drove the drill. 

Figs. 85 and 86 show the arrangement of Couch's first drill. A is a standing frame for 
supporting the operative parts of the machinery. B is a transverse and horizontal shaft, 
whose journals are sustained and revolved in boxes made in the upper parts of standards E, 
elevated above the bottom platform or board of the frame A. To this shaft B, the lower 
ends of two parallel bars, one of which is shown by a, are connected, these bars extending 
upward or above the shaft. Each of these bare has a clamp-screw c applied to it, and made 
to operate in such a manner as to enable a person to place the bar at any desirable inclina- 
tion to the horizon, and to there confine it by clamping it to a quadratic arc F' fastened to 
the frame A. This mechanism was intended for giving the drill the variously inclined, hori- 
zontal, or vertical positions required, and the ropes j!>^', connected with the windlass r', were 
used in raising or lowering it — two struts, one shown by Q', being used to hold it in place 
when adjusted. It was, in fact, a primitive carriage. In connection with the parallel bars, ot 

* House, No. 375, p. 74 (MassachoBetta Legislative Reports, 1866). 
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which one a is shown, there is also a supporting and dh'ecting frame G, holding the drill-slide 
and the drill — ^this frame being composed of two parallel bars d e^ connected with one or 
more cross-bars y, and arranged between the bars a, etc, above noted. Each of the f ramc-bai*s 
or pieces d e has a journal g projecting perpendicularly from its outer side and resting in :i 
box A, so adapted to the adjacent bars a and its opposite fellow as to slide up and down upon 
the same. H is a driving shaft arranged across and above the frame 6, and having its 
journals supported by bearings or standards I I, fastened to the frame. Tliis shaft H has a 
fly-wheel K, a gear-wheel L, and a crank M, fixed to it as seen in the drawings,^ the said crank 
being jointed to the connecting-rod N of the piston O of a steam-cylinder P, fixed upon the 
rear part of the frame G, and having a suitable valve-chest and valves, and made to receive 
its steam by means of a flexible tube or other suitable contrivance, with a steam-generator 
arranged in some convenient position near the said cylinder. 

The cog-wheel L engages with a gear-wheel M' flxed on a crank-shaft S, this shaft 
being placed directly underneath the frame G. Two cranks T T' are attached respectively 
to the two ends of the shaft S' and have connecting rods U U' extending from them, each of 
the said rods being jointed to one of two ears or projections V V which extend from the 
head A of a slide-frame W, which is composed of two lieads or blocks T I and two long con- 
necting bars m 7i. The rotations of the crank-shaft S' produced by the steam-engine impart 
to the sliding-frame W a reciprocating, rectilinear motion, the said frame being supported by 
and made to slide upon four ways or slides <?' o' jp p^ two of which are affixed to each of the 
niain bai^s of the frame G, X denotes the drill or its shank ; it has a groove g cut in it, 
and extending nearly from end to end of the drill. The upper or end nearest the steam-cyl- 
inder- passes through and revolves in a cross-head Y, which slides freely upon the two parallel 
bars m n of the frame W. Collars r a' are fixed on the drill-rod on opposite sides of the head 
Y, these collars being for the purpose of confining the drill-rod to the cross-head ; the drill- 
rod is further supported in bearings t w, inserted in the cross-head k of the frame W. 

It is not necessary here and it would be tedious to go into a detailed description of the 
griper-box used by Mr. Couch for catching and holding the drill on the back-stroke of the 
frame W, it consisting, in general, of a spring ^nd lever arran^^onient held on the frame. 
This was so geared that when the drill struck against the rock, the shock or percussion of the 
blow could not injuriously afEect the machinery. The drill, in fact, on the forward stroke of 
the frame was entirely disengaged from it, and was thrown by momentum alone against the 
rock. There was also an arrangement for rotating the drill by a ratchet-wheel catching into 
the groove cut in the drill itself ; the novel feature of which was that the drill was arranged 
so as to pass freely through the centre of the ratchet-wheel. The wheel had a stud or pro- 
jection which entered the groove of the drill ; this stud served to connect the wheel with the 
drill. 

This was Couch's first drill. In 1852 (November 23d), Couch took out a patent for 
aiiother drill, in which he still adhered to the hollow-piston principle. Figs, 87(a) and 87(i) 
illustrate it. (a) is an elevation of the drill, and (J) a vertical longitudinal section. A is 
a stes:m-boiler, B the drill-eylindcr with a piston c, the rod of which D extends out on either 
side of the cjdinder. The whole length of the piston is liiade about double the length of 
the steam-cylinder. The piston is made hollow so as to receive the drill-rod E, and permit 
the rod to slide freely through it. F and G are t^e slides for the piston-head. Between 
them is the cioss-head I of the piston. In this cross-head is arranged a griper-box for catch- 
ing the drill on the back-stroke. R is a connecting-rod extending from an arm S' to a crank- 
pin T of the fly-wheel U; O is the steam-pipe. 

The machine was mounted on a circular disc X, which disc was secured to another per- 
manent diirc Y by means of bolt:? ii. The disc X had a trunnion g which extended into the 
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disc T. "When the tolts * were loose, tlie machine conW be larned to any inclination, bnt 
when tight the machine was lield in the desired /position; steam was admitted into a circnlar 
groove 22,nnd thenoe conducted to tlic BtGain-diest,and the cxiiaust steam passed through an 
opening p in tlie trnnnion <]. This an-angement was designed to avoid fleziblc pipe. The 
valve-gear 13 not described in Ihis ])atent. 




COUCH'S SECOND ROCK-DRILL, 

Pateated November 0d, 18B>> 

The idea of a hollow piston was a favorite one among many of the early experimenters 
on rock-drills in America, Tliongh in the patents subsequent to Couch's the idea of throw- 
ing the drill was not followed, still a lioUow piston, as claimed in his patent, was used in 
holding the drill, instead of the drill being, as we now see it in the general typo of drills, 
fastened to the end of the piston or to a prolongation of it by a clutch, or, as it is cummonly 
called, a " chuck." Mr. Hennan Haupt claims* that tlie hollow piston-rod of the Conch patent 
was also separately invented by Stuart Gwynn, and applied in the course of the eailv experi- 
ments made by Mr. Ilaupt, in the construction of rock-drills, during his contrAct at llio Iloosae 
Tnnnel (1856-'61). It is saidf that Gwynn first arranged in his mind the principles uf his 
drill in 1850; hb first drawings were made in 1S51, and a model waj constructed in 1852, 
but it was not until 1858 tliat Mesii's. Gwynn and Ilaupt compared ideas and Lonstructed 
jointly a drill which Mr. Haupt proposed using in the tnnnel. It is said to have drilled, on 
trial, at the rate of five eighths of an inch per minute in the hardest Rockport granite. 

Tlie sudden termination of Mr. Haupt's Hoosac contract in 18G1 (see p. 318) ]iiit a stop 
to these experiments for awhile. In 1864, Mr, Gwynn took out a patent for a hollnw pii^rim- 
drill of the Oonch type; and in 1865, Mr. Haupt took out two successive ones, tlie Inter being 

■ HoDM, No. 4, p. 14 (HuBuhiuettH Le^alatlre Reporta, 1866). 

\ Cl^m made in Pnen-niilc Drill Compinf's Ptiniphlet, Boston, 1865. 
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for ttie drill he exhibited at the Paris Expoeition of 1867. A pamphlet descriptioa of it was 
pablished by Mr. Haupt in 1867.* Its dietiuctive feature was claimed to ba a momentum-feed. 
Prior to this time, howevei*, Harsen Lad taken out a patent in 1861 for another hollow 
piston-drill. This drill was tried at the Hoosac Tunnel,t under the direction of the State Com- 
mifsioners, in April and May of 1865, at the central ^ft, with steam as a motive power, but 
it eventually proved a failm-e. The main difficulty was with the cams and collars for seizing 
the drill-bar. In fact, it is to the Hooeac Tunnel that we owe the development of rock-drilling 
in America. Experiments wei'e carried on by the Massacliusetts State Commissioners after 
the tunnel passed into the hands of the State in 1862. They were supported by Mr, J. "W", 
Brooks, Chairman of the Commission, but, as noted above, they were cliiefly carried on 
under the direction and snpervision of Mr. Thomas Doane, then Chief Engineer of the tnnnel. 
The Commissioners {Messrs. Brooks, Felton, and Holmes), in their report for 1804,^ say : " Wo 
have in hand three different plans of drilling-machines, two of which look very promising, and 
the third, though looking less so, has done some drilling with satisfactory rapidity." In their 
report for 1865,§ the Commissioners state that on December 16th, 1865, at a trial made in the 
- Putnam machine-shop at Fitchbnrg, with the drills nnder construction, on a piece of rock 
taken from the tunnel, the average result of six holes was as follows : 

Time consumed in drilling 34J min. 

Number of inches drilled. 113f 

Average number of inches drilled per minnte 3-3 

Total time consumed 56^ min. 

Average nnmber of inches drilled per minute, including tlie time 
required to change the drills and set the machine to the dif- 
ferent holes : 2-01 rain. 

The holes being one and three quarter inclies diameter. The Brooks, Gates <fe Burleigh 
machine, patented March 6th, 1866, was tried in June of that year at tJie East Heading. It 
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Fig. 88. 
BROOKS, GATES 4 BURLEIGH DRILL. 



was of the Couch type to the extent of having a hollow piston, but the tool, instead of being 
thrown, as in the Couch drill, was secured to the piston-rod by means of a central screw, and 
driven as in the Fowie type hereafter explained. The drills were made up of some eighty 
parts each ; thoy weighed 240 pounds, would mn about 200 strokes to the minute, and cost 
abont $400. Abont forty of these machines were used in 1866 at the Hoosac Tnnnel, but they 
were found to be far too expensive, the breakages being so frequent that a sufGcIent supply 

* " TaoDeling: by Macliinery," hj H. Hanpt, 1867, 

t HonM, No. 4. p. 86 (UuBtehiiBettB Legislative Reports, 1866). (See also p. 260 of this work.) 

X Hoase, No. S, p. 9 (HiswcLuHtts State LegrlslatiTs Documents, Jaanaiy, 186S). 

^ HoQse, No. 4, p. 8 (MawachDsetti State LegislBtiTe Doeamenls, JAnnarj, 1866). 
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of machines could not be kept on hand, and in November of 1866 they were superseded by 
the Burleigh drill, which kept its place throughout the construction of the tunnel. During 
the time that the Brooks, Gates & Burleigh machines were used in 1866, a record was kept 
of the number of machines disabled and of the parts broken. According to the report* of 
the Joint Standing Legislative Committee for 1866, there were in all some 1084 sent out of 
the heading for repairs from July 21st to November 30th, a period of four and one third months, 
giving an average of 250 machines broken per month ; or, counting twenty-five working days to 
the month, an average of ten machines sent out for repairs daily. No wonder these machines 
were found to be too expensive. The following table gives the principal parts that were 
broken during this period : 

Cross-heads 62 Valve-stems 27 

Cylinder-flanges 20 New packing 80 

Coupling-nuts 30 Tappet-bars 151 

Feed-springs 517 Screw-spindles 25 

Feed-pawls 98 Union coupling-nuts 30 

Eatchet-covers 200 Feed-nuts 47 

Shields 20 Piston-heads 1 



(See American Patent List, No. 52,960, for specific description of parts.) 

This was the last effort made of any importance to perfect the Couch type of the hollow 
piston-rod. We now proceed to trace the history of the type which has become completely 
successful. Going back to Philadelphia in 1849, it will bo remembered that Mr. Couch was 
assisted in the construction of his drill by J. W. Fowle. At this time, Mr. Fowle became 
impressed with the idea that the correct principle in constructing a rock-drill would be to 
impel the drill by the direct action of the steam or air on the piston, and not by means of 
an auxiliary engine. Moreover, he neither followed Couch's idea of throwing the drill like 
a lance, nor did ho use a hollow piston for holding the drill. 

Couch's patent was taken out on March 29th, 1849, and Fowle, on May 9th, 1849, filed a 
caveat for an improved rock-drilling machine, in wliich, in the words of the caveat, the dis- 
tinctive claim was as follows : 

" My steam drilling-machine is distinguished from all others which have heretofore been 
contrived in the following particulars : in the first place, the drilling-tool is attached directly 
to the cross-head of the engine, or, in fact, to an elongation in a direct line of the piston-rod, 
and is impelled or driven forward by the entire power of the steam-engine, which has never 
before been attained, as in all other machines about one half of the power is expended in 
driving the machinery which connects the engine with the drill. In the second place, the 
mechanical means for turning the drill as it comes back are much simpler and more effective 
than any other .... heretofore devised. Thirdly, as the whole increases in depth, the 
entire engine with its frame is accurately fed forward by means of the momentum of the 
cross-head. Fourthly, in a machine of this description, where the momentum of the piston is 
availed of in direct action, the piston would be in danger of being driven through the head of 
the cylinder; but this difficulty I have obviated by a peculiar arrangement of the machinery, 
which moves the rocker-shaft and shifts the valves. ... In the last place, I make the 
cutting edge of the di'ill I use in the shape of an S, which *has decided advantages over 
any other form now in use, but this I do not claim as my invention." 

Fig. 89 shows Fowle's drill. 

* Senate, No. 59, p. 85 (Masaacliasetts State Legislatiye Docaments, Febroarj, 1868X 
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The rotation was effected as follows : A diagonal rod k Jc was fastened to the engine- 
frame. A ratchet-wheel was permanently fastened to the rear end of the drill-shaft h h and 
a pawl-holder m m, carrying a proper pawl, which engaged with the teeth of the ratchet- 
wheeL 




Fio. 89. 

POWLE'S FIRST ROCK-DRILL. 
Caveat filed MayOlh, 1849. 

Tliw feed was effected by means of an involved and cumbrous connection of the chain a' d 
through the wheel J', which again worked into an endless screw or worm on the end of a shaft 
parallel with the piston. This shaft was connected by an inclined plane, etc., with the cross- 
head of the engine. 

This was Fowle's first idea of a drill as set forth in his caveat of May 9th, 1849. 

In 1851 (March 11th), he took out the patent for his improved drill as shown in Figs. 

90, 91, 92, 93. 

Fig. 90 is a side elevation of the drill mounted on its support. Fig. 91 shows a plan of 
the drill alone. Fig. 92 is a longitudinal vertical section of the drill taken in the line A B 
of Fig. 91, and Fig. 93 is a transverse vertical section taken in the plane of the line C D, 
Fig. 91. 

The following description of these figures is taken from Mr. Fowle's patent specification : 

E E is a horizontal frame, having proper rails F F on which the supporting framework 
G G for the operating parts of the apparatus rests and moves along, the sliding or moving of 
the same being effected by the racjc and pinion shown at H H in Fig. 90, or in any other 
of the well-known ways for producing such movements. On the rear part of the frame- 
work G G is the steam-boiler 1 1, the steam from which is conducted tlirough the jointed pipe 
K K to the cylinder L of the engine. This cylinder is supported on the rectangular frame 
M M which is hung at its centre, so as to swing in the vertically sliding boxes on bearings N N" 
which move up or down in the rectangular openings o o. These boxes are suspended at the 
ends of the cords P P and are raised or lowered by means of a windlass, to which the cord 
pays over guiding-pulleys R li. This windlass is provided with a ratchet-wheel and pawl at 
S, and the sliding-boxes may be confined in any desired positioa by means of the nuts and 
screws at T working with the confining buttons U U in a manner which will be readily seen 
from the figures. The frame M M is supported in the various diagonal positions into which it 
may be desired to bring it by the sustaining rods V V, which are conducted to its lower end 
on each side, and which at their other ends arc bent so as to fit into the holes W, etc, in the 
horizontal and vertical metallic plates X X, Y Y. 

a a\% the drill-shaft having the drilling-tool h properly fastened to its outer end. Said 
drill-shaft is attached to or connected with the cross-head c o of the engine, so as to be nearly 
an elongation, as it were, of the piston-rod dd\ thus the tool is driven forward by the entire 
power of the steam acting on the piston ^, Fig. 92. The cross-head moves forward and back 
on the guides yy,^, in the usual way, and the drill-shaft a a is arranged 30 as to turn in its 
bearings ^ /^ as it moves backward with the cross-head by the following arrangement : 

A diagonal rod h h is fastened to the projection i i from the engine as shown in Figs. 90, 

91, and 92. A ratchet-wheel i. Figs. 91, 92, and 93, is permanently fastened to the inner end of 
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the drill-shaft;, and a pawl-holder I (having a pawl in (Fig. 93) which engages with the teeth 
(»f the ratchet-wheel) extends upward and is forked at its top so as to embrace the diagonal 
rod h A. As the drill-shaft moves fgrward^ the pawl in moves over the teeth of the ratchet- 
wheel, and as the shaft moves backward the same pawl engages with the teeth and unerringly 
turns the tool, so that, in going forward again, it strikes in a diflEerent place. 

The danger of driving the piston through tlio heads of the cylinder, by reason of using 
the direct action of the steam in driving the drill, is obviated by an arrangement for operat- 
ing the rocker-shaft and shifting the valve of the engine just immediately preceding each 
stroke of the drill or before the piston fit-s close to either end of the cylinder. The rocker- 
shaft is a bell-crank having its arms nearly at riglit angles to each other, shown in Fig. 91, 
having a proper fulcrum at o. At the end of one of its arms, it is secured to the valve-rod 
Py and at the other it has a small pin or stud g, which fits into and is moved on or operated 
upon by the diagonal slot r in the plate S attached to the rear of the sliding-rod t ty which 
rod moves forward and back in proper guides Atu u attached to the engines. From each 
end of this diagonal slot r, a horizontal slot, or one parallel to the axis of the cylinder L, 
extends toward tlie front and rear of the said cylinder, as shown at v and w in Fig. 91. The 
rod ^ ^ is moved forward and back by means of a stud x on the cross-head cCy which, as the 
cross-head moves forward and back, {^bnts against the adjustable tappets yy secured on the 
rod at proper points, so as to shift the valve at the proper time. If ow, when the stone is soft, 
if the momentum which the piston has acquired would have a tendency to carry the cross- 
head farther along than the usual length of stroke, or than would be 'sufficient to open the 
valve to a proper degree, the horizontal slots at v and w (after the diagonal slot r has shifted 
the valve) only slide on the pin or stud jr of the rocker, and have no further eflEect on the 
valve. 

The next thing in coui^se to be described is the mechanical arrangement for feeding the 
engine and drill-shaft forward as the tool enters the rock. The engine and its appendages 
are arranged so as to slide forward and back on the ways a' a\ a' a\ Figs. 91-93. A nut b' 
attached to the engine-frame fits on and is worked by the screw-shaft c' c\ which is arranged 
so as to revolve intermittently at each stroke of the engine, and move the whole apparatus 
forward, a little each time. This shaft turns in its bearings d! d\ attached to the swinging 
frame M M, and has a ratchet and pawl e' at its rear end (Figs. 90 and 91) to retain the 
gain which is made from time to time in the forward movement of the apparatus. A 
metallic inclined plane f is attached to the side of the cross-head c c, and as said cross-head 
moves forward, this inclined plane presses against the end g' of the pawl-holder A', and 
the pawl i' moved with this holder engages with the teeth of the ratchet-wheel kf (Figs. 
90 and 91) fixed on the screw-shaft & c\ and thereby turns the shaft and effects the desired 
feeding motion. (The same end, it will be remembered, was produced in Fowle's caveat by 
means of a rag-wheel working in a chain attached to the two ends of the engine, this wheel 
being turned by the screw-shaft.) 

No apology is ofTered for the amount of space which has been given above to the descrip- 
tion of Fowle's invention, for we see that this was really the precursor of the rock-drill as 
we now know it. To Couch belongs the honor of designing the first percussion-drill as dis- 
tinguished from a rotary borer, and to Fowle we owe the direct-action principle. 

Mr. Fowle, in his testimony before the Massachusetts Legislative Committee on the 
Burleigh claim, in April, 1874, testified as to the original invention of his drill as follows :* 

" My first idea of ever driving a rock-drill by direct action came about in this way : I 
was sitting in my offico one day, after my business had failed, and happening to take up an 

♦ Houso. No. 873, p, 78 (MaBsachu«ett« Legislative Reports, Maj, 1874). 
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old steam cylinder, I unconsciously put it in my inoutli and blew the rod in And out, Qsing it 
to drive in some tacka witli which a few circnlars were fastened to the wall. That was ray 
first idea on the subject." 

It should be noted in this connection that Fowle's caveat being filed in May, 1849, was 
only about two months after Couch's original patent, so that Fowle's invention, as well as 
Coucli's, precedes, by about fi've years, not only all German work in this direction (as the 
earliest work on Schumann's patent is placed at 1851), but also CaviS's crude device by more 
than two yeara^see p. 194), which was not patented imtil October 15tli, 1851, 

It is interesting to note how completely this inventor (Fowle) comprehended the ele- 
ments of the jiroblem before him. He discarded light reciprocating parts, but instead of 
concentrating the weight in the piston-rod, as is now done, he attached to his cross-head a 
drill-bar (to which the tool was attached), which weighed over one hundred ]X)und8, Having 
a drill-cylinder with light fiangce, and fearing that lie would break them by the piston strik- 
ing the lieads, and thus spoiling the cyhnder, he secured the heads to each other by means of 
long rods passing from otic to the other, and thus avoiding an attachment to the cylinder, 
and, as he reports, " I thus saved my cylinder." This principle has been incorporated into 
several modem drills. He used a fieictble hose to conduct steam from the boiler to the 
machine. In 1850 or 1851, he used compressed air for driving hie drill. He overcimie the 
difficulty of making round holes with a machine-drill by making an S drill — a form wliich 
has since been used for the same purpose, though the Z and -\- bits are more commonly used 
because they arc more easily sharpened. When the Italian and French coinmia£iou came 
to this country to ascertain what they could find here that would be of service in the con- 
struction of the Mont Cenis Tunnel, they examined the models in the Patent Offioe, and 
finally adopted the Fowle type — i. e., they attached the drill to the piston-rod in such a 
way as to drive it directly by the piston. 

We also notice that the hollow piston-rod of the Couch type had its birth and entire 
life in this country. The only one patented abroad was by Haupt in England. (See English 
rock-drill patents, 18G5, No. 9S1.) In the same list of patents, 1874, No. 2085 is a patent 
in which there is a hoUow piston-rod. In this drill, the end-screw passes through the piston- 
rod and reciprocates with tho piston, the tool being attached to the screw. The cylinder is 
stationary as in the Couch type, bnt the tool is driven directly as in the Fowle type. This 
drill is similar in principle to the Couch drill. All the principal foreign inventions were on 
the direct-action principle of the Fowle type, but most of them dispensed with the cross- 
head, and attached tho tool directly to the piston-rod, tho tool and piston being rotated to- 
gether. (See English patents for 1858 and afterward.) Fowle had not the means to bring 
his drill into practical use, but had he done so, it is evident, from the ability which he poa- 
sesscd of overcoming difficulties, that machine-drilling in this country would have been 
advanced by several years. As it was, it lay in abeyance until taken up by Burleigh, 

Seeing the poor success attained by the Brooks, Gates & Burleigh machine, Mr. 
Charles Burleigh abandoned the idea of constructing a machine on the Couch or hollow-pis- 
ton principle, purchased the Fowle patent,* and incorporated it in the Burleigh drill. 

Burleigh improved on Fowle in the details of the machine. He dispensed with the 
cross-head and intermediate drill-bar, attached the drill directly to the piston-rod, and 
rotated the tool by rotating the piston. Tlio feed, rotation, and other improvements are 
described further on. He was apparently tho first inventor in this coimtry to im- 
prove upon tho Fowle type. In his report for 1866, Mr. Doane, as Chief-Engineer of 

* EvideDCO of Cbarles Burlcigli before Hoooac Tannel Committee, Honse, No. 87A, p. 8, HMUchiLBettB I«0» 
latire Documents, May, 1874. 
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tlie Hooeac Tniinel, Bpeaks of* " an improveinent upon tlie first randiine {i. e., the Brooks, 
QateB& Burleigh drill, sec ante p.201),perhapa indeed anew machine, invented by a member 
of the Putnam Machine Company, Mr. C. Burieigli. It is made up of tlie same number of 
parte aa the firat machine, is inferior to the iirst in compactness, weighs S72 pounds, and is 
' not practically automatic as yet. The two machines drill at about the same rate, but the 
second one is likely to prove much more durable than the first," , ..." Of all the recip- 
rocating machines brought to your notice, that of Mr. Burleigh seems to me most promising." 
In the report for 1867 of the Joint Standing Commission on tho Hoosac Tunnel, of the Massa- 
chusetts Legislatnrejf occur the words, " the drill is a mechanical triumph, a snccess," and 
Alvah Crocker, acting as suj-erintending commissioner of tho tunnel for that year, in his 
report to the governor and council, j: speaking of the drill, calls it " the best drill yet in use, at 
oncoa monument to the genius of Mr, Burleigh, the inventor, and a credit to Massachnsctts." 
How well this early promise has been fulfilled is testified by the record of the Bnrleigh drill 
throughout the construction of the Hoosac, and by its subsequent adoption at Nesqnehoning 
Tunnel (the second tunnel in tlic United States in which rock-drills were used) ; by its his- 
tory at Hell-Gate and throughont the Western mining regions, and by its record, in 1875, at 
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Becoud patent Scale, fy. 

the SutAi Funnel, where the rate of progress per month was raised to between three and 
four hundred lineal feet per month, a rate fully rivaling, and, in fact, as to the quantity of 
rock removed at the headinj^, surpassing that attained at the Si. Gothard Tunnel, as the area 
driven was considerably larger, "With regard to the date at which the Burleigh drill was 
started in the Hoosac Tunnel, the first drills there used were put in the heading October 
31st, 1866.§ 

* Thomas Doane'a Report for 1866, Hodbc, No. 30 (1B67), p. 19. 

t Senate, No. 103 (1868), p. 9. 

X Senate, No. 20, p. 16 (MaBBoclmsettB Legislative Kepott, Janiurj, 1868). 

% Beport-of ths-evideDce in llie Burleigk Clainu, Hua. Leg. Bep., Hoose, No. 875 (May, 1874), pp. 20 and 82. 
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Tlie early Burleigh drill (see American Patent Lifit, No. 59,960) remained essentially un- 
changed until 1872. It had been urged, as an objection to the working of the drill, that 
the exposed tappet, Fig. 94(a), rendered it liable to breakage. This was obviated by placing 
the tappets inside (see second Burleigh patent, American Patent List, No. 162,258), making, 
as seen by Fig. 9-l(i), a scnall, compact, and powcrftii maeliinc. 

Wo nun- cotno to another important drill, whether it be considered historically iu con- 
nection with the rise of inacbinc-drilling in America, or, practically, in its improved form, 
as DUO of ibe loading drills of the present day. This is the Wood & Robinson drill. In 
point of actual date, it was, perhaps, the first practical American drill which was constructed 
on the direct-action Fowle typo (Fig. 95). 

Tho general plan of this drill appears to have been conceived by Professor Wood fwlio 
then hold the cliair of Civil Engineering in the University of Michigan) wliile on a visit to the 
iron mines on Lake Superior, in 1863, but it was not reduced to a practical form until 1866- 
In tho latter part of 1865, be associated with him Mr. S.W.Robinson, a graduate of the Univer- 
sity {now (18S2) Professor of Mechanical Engineering in the Ohio State University), and 
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they proceeded together to reduce tho invention to practice. A caveat was filed in March, 
1866; a machine was completed and put into practical operation prior to August 16th, 1866 
(see Ann Arbor "Courier and Visitant," August 16th and 23d, 1866), but the patent did not 
isane until November 26th, 1867 (see American Patent List, No. 71,329), one year after the 
date of tho Burleigh patent. The fenr that the Wood drill miglit involve an infringement of 
the Burleigh patent seems to have been the chief cause of its not liaving been fully tried by the 
commissi on <;rs ut the Iloosac Tunnel, in competition with tlio latter ; it was, however, tried by 
Dull, Gowaii A' Co., during their contract at Iloosac. in August, September, and October of 1867. 
and Mr. Beiijiunin H. Latrobe, Cotisidting Engineer, says in his report for that year : * " There 
is now lying in tlie shop at the east end a mactiinc, invented by parties from Michigan, differing 
in several respects from the Burleigh drill, althougli claimed, as I am told, to conflict with patent 
rights of the latter. Of this part of the case, I know nothing as yet, but the macliine has been 
reported to mo as working with greater efficiency and small cost of repairs, on account of its 
(ewer parts and simpler construction. It seems to have been introduced into the tunnel by 
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the late contractors, and to have been disused on their retirement from tlie work ; but for wliat 
reason I am unable to etiitc, as its poi-formitnco is said to liare been exceedingly promising of 
improvementa over previous machines." In the letter of Hon. Cliarles Hudson, one of tbo 
commissioners of the tunnel (bearing date January 1st, 1868), to the Governor of Massachu- 
BettB, he says:* " This drill, patented by a gentleman in Michigan, has the recommendation 
of great simplicity. The contractors speak of it in the highest terms. They say it contains 
only about half as many parts as the Fitchbur^ drill, that it reqnires less repairs and fewer 
Imnds to operate it, and will perform a third moi-c work. But it is alleged that this patent 
infringes an old patent which is soon to expii-e, which has been bought up by Mr. Burleigh.^' 



^i^ 
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(The " old patent," referred to by Mr. Hndson, was the Fowle patent, which, it will be remem- 
bered, Mr. Burleigh pnrehased, owing to bis own invention having also infringed the original 
direct-acting-piston claim of Fowle.) In his testimony before the Committee of the Legis- 
lature, in 1873,t Mr. Hudson further said (testifying as to the introduction of the Bnrleigh 
drill at Hoosac); "A contract was made with, certain gentlemen (Dull, Gowan & Co.), and 
they came on and commenced work there. After they commenced work, a gentleman from 
Michigan (Ann Arbor), whose name I do not recollect, came on there with a drill that he had 
projected, and these contractors took that drill, and used it a day or two — i. e., they experi- 

* House, No. 359, p. 6 {MnwacIinscttB Lcgialfllive Docnments, May, 18(J8). 
.^ t Bouse, No. 375, p. 14 (MntaacliuBetts LegblKtlre Documeute, May, 1874^ 
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mented with it a little, and were satisfied with its success. But we were satisfied that this 
drill was an entire infringement on Mr. Burleigh's patents, and that our obligations to Mr. 
Burleigh ought not to allow us to suffer the Michigan drill to be used by the contractors. It 
was there a few days, and was used to their satisfaction, I believe, and it operated very 
well ; but we were all satisfied, and Mr. Crocker very particularly urged, that as Mr. Burleigh 
had allowed us to nse his drill, and there was this understanding between us, we were under 
obligations to exclude the Michigan drill. This was done peaceably and quietly, but that was 
the sentiment which prevailed." 

Similar testinjony was given by Mr, J. M. Shute, who was also one of the State commis- 
sioners. * 

The Wood drill — see pp. 210 and 242 — was an improvement upon the Wood & Robinson 
drill (see American Patent No. 138,777), and the improved Wood drill— Fig. 96 (J) — is classed 
in common with the Burleigh, Band, Union, and Waring drills, in the rank of the drills prom- 
inently before the American mining market. The latter three are later drills, and their 
characteristics will be found described in the following table of American drills ; the Wood 
drill has been touched on at length as being closely identified with the history of the rise 
of machine-drilling in this country, and especially as connected with the history of the 
Hoosac Tunnel. 

And now that we have traced up the rise and history of machine-drilling in the land of 
its birth, let us return to Europe, and take there also a view of the introduction of machinei- 
drilling, before entering on the practical discussion of the construction of the various 
machines. 

We have seen that Cav6 patented a percussion-drill, to work with compressed air, in 
France, in 1851. 

Bartlett came next, in England, in 1854, with his invention of a drill proposed for 
Mont Ceuis ; it was patented in England, August 23d, 1855, the patent in Sardinia being taken 
out June 30th, 1855. The first trial of this drill was made at Brighton, in June, 1854. In 
March and April, it was tried with success before an Italian commission, at St. Pien'e d' Arena, 
compressed air being used to run it. Following Bartlett's machine in date came Schumann's, 
which, as we have seen (p. 193), was not pr^Cctically tried until 1856, though it was invented 
during 1854-5, and the first model made in 1855. Then came Sommeiller's first machine, in 
1857, patented in June, and Schwarzkopf's drill, invented in the same year, but not patented 
imtil November 5th, 1858. Finally, March, 1861, Sommeiller had so perfected his drill that 
it was formally adopted at the Mont Cenis Tunnel. From this date on, in Europe as in 
America, there were many patents ttiken out; prominently among them we may note those 
of Low, 1863 and 1865; De la Haye, 1863; Sachs, 1863; Bergstrom, 1865; Doering, 
1866, 1867 and 1868; De la Koche-Tolay, 1867; Dubois-Franjois, 1868; Osterkamp, 
1869; McKean, 1872; Biydon, Davidson and Warrington, 1872; Ferroux, 1873; Azzolino 
dell'Acqua, 1873; Darlington, 1873. Of these, the only ones that have survived the practi- 
cal test of usage seem to be the Ferroux (which resembles Sommeiller's in having an indepen- 
dent engine to operate the valve and rotation, and Low's in having the feed induced by the 
compressed air in another cylinder), the McKean (an outgrowth of Haupt's American drill), 
the Dubois-Francois, the Darlington, and also, perhaps, the Sachs (an outgrowth of Schu- 
mann's drill). (See European patent lists following for particular descriptions of these drills; 
some will be found under the English and some under the following lisL) 

Sommeiller did for Europe what Burleigh afterward did for America : he practically 
applied what before had been experimentally tried ; his ultimate success, however, is so far 
behind Burleigh's in that, while in practice we see the Burleigh drill in as great favor as 
in the year of its invention, Sommeiller^s drill is relegated to the past as one of the great 

* Sec ** Rejected Papers " (Massachusetts Legislative Documents, 1868). 
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inventions which served a purpose — but a single purpose only. Still, in Sommeiller we must 
recognize the man who undoubtedly iirst demonstrated to the world, iu 1861, that the 
iqachine-drills invented twelve years before, by Fowle, in the United States, could and would 
be the essential feature in accomplishing one of the great advances of the nineteenth century ; 
for Sommeiller^s drill, past and done as it now is, took precedence by some five years of 
Burleigh's in America (1866), and by some seven, eleven, and twelve years the three first 
European drills in general use, the Dubois-Francois, McKean, and Ferroux. 

Chabacteristig Featubes of Percussion Kock-Dkilling Machines. 

Now, before we turn to our lists aud particular descriptions of rock-drills, it may be 
well to have clearly in mind the essential attributes of a good rock-drill — one that is not only 
a perfect machine, but that will stand the wear and tear of the tremendously hard usage to 
which these machines arc subjected. As to the comparative excellencies or characteristics of 
the different drills reported, it would not be wise to attempt to discuss them, or to lay down 
any rule or dogma as to which may be the " best drill." The experience of the author has 
been that any such assertions are based on such variable ground that what may be the best 
drill to-day will be superseded to-morrow by a new point that has been made in another. 
Some drills may be superior in certain points and inferior in others. Also, a drill 
that will do work satisfactorily under certain conditions may be worthless in other places. 
The results of competitive trials of a few hours' or a few days' duration are frequently cited 
as establishing the efficiency of one drill over another. These statements should invariably 
bo received with the greatest caution, and, as a rule, however carefully and honestly such 
trials may be made, their results are very rarely worth attention. There is no fair test of a 
drill that does not invohe its being put to hard regular work, and its work averaged with 
that of other drills for some time in the same material and under the same circumstances. 
The fact is, that the market competition in these machines has grown to be so great that 
there is not so great a difference between the different makes of drills as the manufacturers 
and agents of each particular drill company are apt to claim. They all have to come up to 
a certain standard, and the poorer ones drop out of the market. It is not this patent or the 
other patent, this little improvement on a valve, or that change, say, in a gearing, that will 
settle the question; the great step was in the original transition from hand to machine labor. 
The latter having been once practically demonstrated to be possible, the application naturally 
became widespread. Since that time, in the various practical tests they have undergone, 
there has been a sort of process of improvement bj^ natural selection going on through many 
types, and we probably have by this time reached nearly the point of ultimate efiiciency to be 
attained in this department. What the next grand departure of the future may be, who can say % 

Andre, in his admirable discussion of rock-drills,* has well put the characteristics to be 
fulfilled by a good drill. These are as follows : 

1. A machine jock-drill should be simple in construction and strong in every part. 

2. It should consist of few parts, and especially of few moving parts.f 

* Andre on Coal Mininsr. p. 148. 

f StiU, a rock-drill may be made of too few [>arts. It is very common witli yonngf inventors, as soon as they 
experience the severe wear and tear of tlie macliine, to seek to make it of as few parts as possible ; but when the 
machine finally comes to the pohit of "repairs" (and the best wiU reach that point sooner or later), it may be 
foand that one of tlie most essential qaalifications of a good rock-drill has been overlooked. While we agree with 
Mr. Andr6 that the parts should be as few as practicable, we know by experience that this principle may be carried 
too far, and that it is even more important that every f»art should be easily renewed — ». e., that Mr. And re's twelfth 
condition should be complied with. The life of this class of machloes lies in their ability to be renewed piece by 
piece. When a drill is thus constructed, and one is using it who is thoroughly acquainted with it, and when a 
sufficient number of duplicate parts are at hand, it can often be kept running month after month without dis* 
mounting, despite .breakagesjind wear. 
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3. It ahoHid be as light in weight aa can be made consistent witli tlic first condition.* 

4. It should oecnpy but little a^ce. 

6. The8trikingpartshoiildbeofrelEtiTelj-greatweiglit,andBhouId strike tlieroekdirectly. 

6. Kg other part titan the piston should be exposed to violent shocks. 

7. The piston should be capable of working with a variable lengtli of stroke. 

8. The sudden removal of the resistance should not be liable to cause injury to any pnrt. 

9. The rotary motion of the drill should take pl^e automatically. 

10. The feed, if antomatjc, should be regulated by the advance of the piston as the int 
ting advances. 

11. The machine should be capable of working with a moderate degree of presBure-t 

12. It should be capable of being readily taken to pieces. 

External gear in a rock-drill is especially to be avoided. In regard to an antomatic feed, 
it would seem that a majority of those who use drills ]trefer a liand feed on acconnt of the i ii- 
creased simplicity of the machine which results from abandoning the automatic device, but a. 
few insist upon using an automatic feed, regardless of cost of the repairs which it entails. 

The fifth condition above is one of great mechanical importance. In comparing the rol;i- 
tive morita of rock-drills, the number of strokes a minute which anyone is capable of makinir 
is often insisted on as tlie basis of a comparison of efficiency, that one being considered llio 
most efficient which is capable of making tlie greatest number.of strokes. This notion i^ mi 
altogether erroneous and a pernicious one, inasmuch as it tends to perpetuate and increase' ;i 
somewii&t serious defect. Too high a piston speed is undesirable in a percussion rock-drill, 
mainly for two reasons. First, the resistance to be overcome is great. The operation of 
boring witli such machines consists in fntcturing tlie rock by a succession of heavy blows, mid 
it is evident that the heavier the blow, within the limits of the endurance of the tool, ilio 
greater will be the effect. J To obtain a heavy blow, there must be a large moving m-A^^, 
But an augmentation of the mass is, other things being equal, incompatible with an inei-eiise 
of velocity. Henc*e it becomes desirable, as far as the third condition will allow, to renounce 
velocity in favor of mass— i. «., as much as practicable of the weight of the machine shoidd 
be concentrated in the piston and piston-rod. With such a disposition of the parts, the work 
of a drill must necessarily be more effective. 

Second, when the moving mass is light and the velocity high, not only is the gre&t re- 
sultant vibration absorbent of force, but very destructive to the joints and conducive to fiae- 
ture in the moving parts; and, moreover, the inevitable wear and tear are thereby i)ii- 

* The weiglit depends upon clrcumEtanccH. I( the niocliinea are mounted on rmmee or carriiga^, nuJ 
moved on irbeela, we would bsj make tbe macliines very heavy ; but if tliry ore to be port&ble, and frequenUy 
dismounted In moving tliem, then tbe condition bolde good. 

f There are two aides to the qneition of pressure. II tbe drills dn gocd sxecuiion at a low preSBUre, \\iej 
must be correspondingly large and heavy, thus violating conditiou 3. It U said that drilb in llie Western Staii'a 
are generally run at froui sixty to ninely pounds of air. Buch a pressure in the early days of Hoosac would hwsa 
torn every thing to pieces, but we have learued now to make theiu stand, and miners insist on having Ugliiir 
drills, thus necessitating more driving power. But It Is decidedly questionable whether the pressure, when ci^ii. 
nomlca], steady work Is considered, should exceed sixty pounds ; but there may of couree be exceptions. 

Praclieally, tlie question is not one purely of high or low pressure, nor one of large or small drills, but «( 
economy in work and of rate of progress attained. When time Is the chief element, great coat iu eipeniliiurn 
may result in ultimately greater economy in time ; when economy is to be rigidly observed, it may be promnied 
at the expense of time. 

} Theoretically, the stroke shoald be very short, to aa to divide the work of the motor into n very gri'nt 
number of blows, and so pick tbe rock to pieces. A blow hard enoagh lo bre:tk and smash tbe steel may IniUiit 
the rock ; but divide this blow Into many, and wu drill a hole. But the stroke may be too short. There must Iia 
a certain clearance, and tlie shorter the strokf the greater the percentage of Iocs of steam in fllUng the cylindi r. 
Also, the drill must chum up the debru In the hole so that tlie water wilt wash it out ; but tf the stroke is i uo 
short. It will only clog. Hence we have a paradox — to drill hard rock reqaires a harder blow than to dri'.l unit 
rock, but to clear the hole reqaires a longer stroke ; so that a drill with 8i-incli stroke drills hard rock best, but 
for soft Tock It should he six or seven inches. A long, heavy stroke ou hard rock Jars the mscliine too mnch. 
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soensely increased, so that the tendency to derangement is greatly augmented by the adoption 
of high velocities. 

Also in condition (5) the clause requiring the striking mass to impinge directly upon 
the rock, is one that has been violated in the hammer-machines, etc. Though this type has 
now been probably permanently relegated to the shades of the past, it may be desirable to 
investigate the direct loss of power in their use.* Let M denote the mass of tlie striking 
part, M' that of the body interposed — i.e.y of the tool struck ; V the velocity of the striking 
mass, and Vj the common velocity of the two bodies after impact. Then we have 

MV = (M'+ M)V,; whence V, ^ gy^^j. V ; 
hence the effect of the blow will be proportional to 

The work developed by the motor is \ M V* ; and thus it is evident that the effective 

M 
work done upon the rock will be proportional to the fraction ^-^ nvf"""*- ^-i '^^ increases as 

M increases and as M' diminishes. To take an example: Suppose a machine, the piston and 
piston-rod of whicli weigh 24 lbs., to which a tool is fixed weighing 8 lbs., the velocity of the 

32 

piston being 5 feet a second. In this case, M = oo~o' ^' ^ ^> ^"^ V = 6 ; and the work 

(32 y 5'\ 
-J = 12«4 units of work. Suppose, now, the tool 

24 
to be detached, and the piston to strike the head of the tool. In such a case, M = qo~o» 

g 
M' = ocToJ *^d V = 5 as before. The work done upon the rock will be 

94 



'24: + 5\ 32-2 



* (-32:2^) X 8T"24 = ^ ^^^*' ^^ ''^'^- 



32-2 

Suppose, again, the weight of the tool be added to the piston, in order to have the same 

32 8 

striking mass as in the first case. Then, M = 7T^r~o> ■^' = Qo~a» and V = 5, and the work 

done upon the rock will be 

32 
'32 X 5\ 32-2 



n-32T") ^81^32 =^^'^'^- 



32-2 

Thus the loss of efficiency due to the interposition of the tool— or, in other words, its separa- 
tion from the piston — is about 16J per cent.f 

As to the sixth condition, a source of accidental shock of an extremely violent and 

* For a description of a drill of thiB class, see " Warsop's Rock-DrUl," in '• The Engineer." vol. xxxix., p. 88, 
January 8th, 1875. This article Is illnstrated with sectional drawin^pB. Also, Gwynn's American Patent No. 44,722. 

f This analysis Is from Andre, and it serves to illostrate the principle ; bat it certainly seems to even give too 
favorable resnlts for the class of drills criticised. It does not take into account the battering of the head of the 
drill and of the piston-rod, which represents work done s\nd lost, nor the breakages of the head and piston-rod, the» 
former of which defects represents money thrown away, and the latter money knowingly and nnnecessarily 
expended in repairs. 
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destructive character lies in the necessity for a variable piston-stroke. The provision for this 
variation of stroke allovrs the piston, under certain circumstances, to come into contact with 
the cylinder-cover. When, as is sometimes the case, the valve-gear acts independently of 
the piston, the liability to this accident is greatly increased, and becomes a very serious defect. 

In the design and con8trn(H;ion of every machine-drill, this tendency of the piston tc 
exceed the proper limits of its stroke should be constantly borne in mind, and means should 
be employed both to check that tendency and to lessen its effects. A percussion rock-drill 
operates upon the rock by striking a blow, and it is essential that the blow should be struck 
with the full force of the stroke. When the rock is very hard, several blows may be struck in 
succession without either penetrating the rock or breaking away any part of it. A subsequent 
blow acting on the parts weakened by those already received causes fracture, and the frac- 
tured portion instantly becoming detached, the hole is suddenly deepened. The piston will 
therefore have to advance further at the next following stroke. Moreover, rocks vary 
suddenly and greatly in hardness, and often contain cavities, besides which they are always 
more or less traversed by joints.* If all these circumstances are borne in mind, a little reflec- 
tion will suffice to show that, even assuming perfect feeding to be possible, a percussion-drill 
could not oj^erate with an invariable piston-stroke, and that the piston must, in the matter 
of length of stroke, accommodate itself to the requirements of the moment. But as no 
automatic .feed-motion has been devised sufficiently accurate in its action to satisfy the 
demands of practice, and as hand-feeding is in its nature more imperfect still, the necessity 
becomes obvious, not merely for a possible variation in the length of the stroke, but for a vari- 
ation between somewhat wide limits. This renders it impossible to connect the piston in an 
invariable manner with the valve-gear. Hence recourse has been had to tappet movements to 
actuate the valve, and in some instances the valve motion has been made wholly independent of 
the piston. (The princii>le is the same as in the direct-action steam-pumps, where tappets 
are almost always used.) 

The eighth condition is practically a part of the sixth ; rocks often contain cavities, and 
when a percussion-drill enters one of these, the resistance to the tool is suddenl}' removed, and 
this causes the piston to give its extreme lengtli of stroke, and, in consequence of a tendency 
to exceed the limit, it often strikes against the cylinder-cover. The destructive character of 
this accident has been already alluded to. A provision against its occurrence consists in allow- 
ing ample clearance space at the lower end of the cylinder, or of inserting an elastic buffer. 

Now, assuming that practice has decided, as to the intermittent rotation of the drill, that it 
should be automatic, we have nevertheless seen that there are strong reasons, on the other 
hand, in favor of a hand feed over an automatic one. Should, however, the feed of a drill be 
automatic, the tenth condition, that, " if automatic, it shall be regulated by the advance of the 
piston at each stroke," is pne of essential importance. Wood's and also Haupt's momentum 
feed arose from this principle. 

In any mechanism in which a regular progressive action is communicated to the tool, no 
account is taken of the irregular manner of producing fracture in the rock, of variations in 
hardness, of the occurrence of joints and cavities, or of the comparative sharpness or blunt- 
ness of the cutting-edge of the tool. A certain velocity of progression having been assumed, 
the inevitable consequence is, either that the tool is not kept properly up to its work or it 
is pressed forward too rapidly. In both cases, the result is a serious loss of effective work, 
often accompanied with no less serious delays. With these facts in view, the practical mind 
will at once note the importance of observing this condition. 

As to the eleventh condition, which requires that the machine shall be capable of work- 

* The sticking of the driU in the hole from anj cause la another Bonroe of troahle. It often caaaes the piston 
to Btrike the back head, for steam (or compressed air) packs in front of the piston^ and as soon as the driU is freed 
the piston is forced back with unusual violence and strikes the rear end. 
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ing with a moderate degree of pressure, it is one that must tend greatly to promote the sue* 
cessful employment of rock-drills actuated by compressed air. (See foot-note, p. 212.) The 
notable loss of work occasioned by a high degree of compression of air by steam, the heat 
generated by the process, the increased difficulty of storing and conveying the air, and the 
intense cold produced by its expansion when exhausted from the machine, all these conse- 
quences of high compression, with others of a less important character, tend to render the 
employment of high pressures objectionable. 

So much for rock-drills as we know them now. In regard to the " coming drill," as indi- 
cated by the patents and the results of practical application, it is not easy to predict it. We 
may, however, in a few words, indicate the direction of the paths taken. 

The general feature is settled — i, e,, the Fowle type of driving the drill directly is the 
one that will be used. With the exception of the Dubois-ri'an9ois, it is pretty well settled 
that a self-acting spiral of some form will bo adopted. Tlie spiral bar first patented by Low 
in England, and perfected by Doering and Darlington, is the style adopted on nearly all 
short, portable drills. In regard to the Dubois-Francois rotation, by means of two small 
pistons (see English Patent, 1872, No. 1398), it is doubtful if it will be substituted for the 
spiral bar now so generally in use ; and we are not sufficiently acquainted with it to judge 
whether it is better, on the long European tunnel-drills, than a suitable spiral self-acting 
bar arranged, say, like Burleigh's (American Patent, No. 59,960), but it certainly serves a 
good purpose on the Dubois-Franrois machine. The indications are that a simple hand-feed, 
with no indicator to guide the operator except that which results from the necessary action 
of the machine, will be universally adopted. As yet, we cannot predicate with certainty as 
to any particular valve movement. Two general plans are undergoing a trial : viz., the tap- 
pet and the supplementary valve. Mr. Burleigh gave it as his opinion, in the case of the 
Burleigh Eock Drill Company vs. George W. Lobdell, et al. (June 3d, 1874), that " the 
introduction of auxiliary valveef is of itself enough to render a machine comparatively 
worthless." Notwithstanding this high authority, we see that the Wood drill in America 
and the Dubois-Francois in Europe, both of which have a supplementary valve, have a good 
reputation. This device was particularly recommended by Low in England, in 1865, and 
many efforts have been made to perfect it, but whether the failure was due to it or to other 
parts of the machines, we cannot say. It is certain that this class of machines have come 
into repute more recently than the tappet machines. 

As for the chucks, there seems to be no indication that any device yet known is becom- 
ing a general favorite. 

Chucks and DRiLL-Brrs. — Every detail of a rock-drill is important ; the smallest piece 
must be considered. A single piece which does not perform its functions properly, or which 
is too liable to break, may condemn a whole machine. It would be interesting to the in- 
ventor to trace the history and discuss the principles of each of the principal functions of the 
machine — the valve movements, the feed, and the rotation, but space forbids our entering 
upon so much of detail. We will, however, add a few words upon chucks and bits. 

The most natural way of fastening the drill to the piston-rod would seem to be by 
means of a set-screw, but experience shows that the excessive jar to which the drill and rod 
are subjected loosens the screw, and hence this method is inoperative. We notice that, in a 
great majority of the English patents, a set-screw is shown in the drawings, and this fact 
alone shows that they are designs upon paper. Low, who probably did more practical 
inventing than any other man in England, enlarged the drill-shank so as to leave a shoulder 
4 or 5 inches from the end. This shank was entered into a socket in the end of the piston-rod, 
and a nut divided into halves was screwed into the end of the socket and against the 
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Bhoolder of the shank. We have been infonned that this device was tried in the Brooke, 
Gates, and Burleigh drill at Hoosac Tunnel, but our information is not suffidentl; specific to 
warrant lis in asserting that the device was the same as Low's. In the two great tunnels in 
Europe, the Mont Cenis and St. Gothard, a simple key was and still is nsed. The drill- 
shsok is round and about 1^ inches in diameter, and 5 or 6 inches long. Just in front of the 
shank the stud is enlarged to some 2^ inches 
(or more) in diameter, and turned so as to 
make a square shoulder, which buts against 
the end of the drill-bar when in use. The 
key is a strip of iron Rome 7 or S inches long, 
about ^ inch thick, and varying from i inch 
to 1^ inches wide. This is driven in, and the 
small eud is bent over so as to prevent its 
getting out when drilling. To remove the 
drill, the miner straightens the key and drives 
it out. This key is liable to break frequently, 
but as the engineer says, " It is simple and easily replaced. We keep a large quantity on 
hand, and find that it answers our purpose better than any other that we have tried." In re- 
gard to this device, we observe that it would be fatal to the systems used in this countrj'. 
While it answers for machines used 9n works which occupy ten or twelve years in construc- 
tion, it will not answer for our portable drills. Drills in this country arc designed not merely 
for tunneling, but for mines, excavations, and quarries. The extra cost of enlarging the shank 
would condemn the whole system in the eyes of many. Then, too, the key is so long that it 
could not rotate in Ihe drill-slides as ordinarily constructed. Hence our inventors have sought 
different modes of securing the drill. The general plan seems to be to hold the drill-shank 
by means of friction induced by bolts, in which the bolts are not forced directly against the 
drill-shank. 

On May 18th, 1867, Thomas Doane, fonnerly Chief-Engineer of Hoosac Tunnel, made an 
application for a patent on a, drill-chuck, shown iu Fig. 98, but for some reaeon it was not 
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Fio. 98. 
CLDTCa FOH ATTACHINO DRILL-BAB TO ROCK-DRILLS, HOOSAC TUNNEL. 

Invented by Thomu Dosno. (Dnlsned Novembur Sth, 18M.) 

issued. This is called a split chuck. The bolts forced the two parts together and held the 
drill firmly. One quite similar to this, patented by a Mr. Hall (American List, 1868, No. 
80,406) has been largely used on the Burleigh drill. In some cases, a taper bolt or bolta 
have been used (see American List, patents Nos. 80,386 and 145,364). One of the most 
novel designs is that invented by Wood & Hobinson, in which the momentum from the 
blow tightens the drill (see the reissue of No. 71,32ft "id Fig. 96). 
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It wae Eoon found that an ordinary plain bit in a machine waa liahle to make fluted 
holes. Such liolos cannot bo drilled as rapidly as round ones, and they are especially 
severe on the rotating device. Fowle obviated this difficulty by making an S bit (ace his 
caveat, 184d). Low, of England, uiade-|-bitB, S bits, and Z bite, id 1863-'65. G-ates made a -t- 
bit in which tho epace between tJie wings of the bit were nneqiial (see American patent, 
1806, No. 55,277. For three or more radial edges, see No. 47,670). Chisel-hits or reamers 
liave also been devised for the same purpose (see No. 48,785). Bits have also been made 
in which tho edge was beveled like a chisel, so as to produce an automatic rotation by 
the striking of the tool (eee Nos. 49,129 and 158,704). 

It has been found that a plain bit may make a hole nearly round in hard, homoge- 
neous rock, but that in soft rock even the + bit will sometimes make flntod holes, but the Z 
and chisel or reamer bits can be made to cut true holes in all cases. The Z bit seems to be 
of tlie best form theoretically for cutting, for the greater part of the cutting-edge ia arouiid 
the circumference of the Iiole where most of the cutting is to be doue. But the greater lia- 
bility to break and tho greater difficulty of repairing and sharpening of this Z bit have made 
the -|- more acceptable where the other forms were not actually necessary. (See p. 259 fof 
notice of tho " double-gouge" bit of the " Victor" drill, and pp. 114 and 115 for deserip. 
tions and illustrations of hand-drill bits.) 







Fro. IDOl 
THOMAS DOANE'S DKILL-CAEHIAaE. (Pitonted Dec 10th. ]9e7.) 

(Uied In eu-lj drUlins at Hooeac Tniuiel, Mid to tbe end of the iroA J 



Drill-Cabriaoes. 

As to the drill-carriage, it is one of the points to which especial attention should be 
p:»id in heading-work. Fig. 99 shows the drill-carriage used by Sommeiller at the Mont 
Cenis Tunnel. Fig. 100 shows a carriage patented by Mr, Thomas Doane, for use at Hoosae 
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in the earl; days of mncMne-drilliiig there. Fig. 101 Bhows the style of carriage need at 
Nesquelioniog and at Miisconetcong, there being" two carriages in a lieading, one on each 
aide. At Musconetcong, aix drills were naed in the heading, three on a carriage. 

Fig. 103 BhowB the carria^ patented and sold by the Burleigh Rock Drill Company. 
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Fio, 103. 
DUBOIS-FRANCOIS DRILL CARRIAQE. 

The arnuigcment of the Burleigh tniuiel-carriagc is euch that, by raising the bar upon which 
the drills are mumiied, an open passageway throti^h the carriage is obtained, through which 
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tlie oars for removing tho rock can pass, or the loose rock thrown out by the blast can be 
thrown between the tracks, and the carriage rnn forward over the rock to the heading, and 
the work of drilling pronecuted while the rock is being removed. (And see p. 237.) 

Fig. 103 is the Dubois-Fran9ois carriage used in the St. Gothard advance heading. As 
abroad, the policy of a small, narrow heading is advocated, the carriage is necessarily small 
and compact, and is not arranged to aflEord Inuch adjustment as to the direction of the drill- 
holes, the European plan being, as to rule, to drill the heading-holes normal or almost normal 
to the face, with no angle or bearing. (See end of Chapter IV. and also Chapter VI. for 
a further elaboration of this question.) As to the relative merits of the two systems, it will 
be seen, by inspecting the tables of progress of tunnels driven by machinery in Chapter VI., 
that the rates attained in America average nearly the same as those in Europe up to 1882. 
For the same lineal progress, however, more work is done by the American system, owing 
to the larger area taken out. The same tables also, as compared with those of tunnels 
driven by hand labor, given at the end of Chapter IV., show that the relative rates of 
progress with machine and hand labor may at the present day be safely assumed as five to 
one in tunnel-headings where the work is well pushed and the rock firm. But in soft rock, 
the ratio is much less than for hard rock. This ratio, here shown to be a safe one by the 
actual tables of progress given, has also been assumed on more general grounds by E2iha 
in his recent work, ** Eisenbahn- Unter- und Oherhau^^^ p. 423 (1876). Further, in cases 
where work is to be pushed, at least six machines should be used at the face of the heading. 
Moreover, a sufficient number should be kept on hand to allow for breakages. False 
economy in this respect may essentially impede progress. Furthermore, in hard rock it 
is best to use machines of larger, and in easy rock machines of smaller cylinder diameter. 
At Musconctcong, some twenty-six to thirty machines were kept on hand ; as from eight 
to nine were used at both the cast and west heading, this left a margin of about one third 
spare ones. At tliis tunnel also hard syenitic gneiss was met, and at first 3|- and then 4-inch 
drills were tried by the contractor, Mr, Charles McFadden, but finally the 6-ineh IngersoU 
drill was settled on as by far the best size for use in such rock. 

Where machines are worked in a heading, and the heavy explosives used, less attention 
may be paid to the individual location of each hole than in liand-drilling. The holes should 
be placed so as to help each other and attain a large common effect. This is especially the 
case in heading-work where there is a premium paid on contracts according to the rapidity 
of advance made, or where, as in most railroad-tunnels, speed of completion is the great 
desideratum. Again, where the price paid is simply per cubic yard, as in open-cut, quarry 
work, etc., the direction of the hole drilled will not be a matter of comparatively regular rule, 
but must be adjusted according to the lay of the rock ; moreover, in work of this kind, 
lighter drills — i. e.j those of 8- and 4-inch cylinder — ^have been found economical. 



The Diamond-Drili*. 

Tho diamond-drill has been chiefly applied in the United States to the prospecting of 
mineral deposits, boring of artesian wells, and shaft-sinking by the "long-hole"* process. 
For prospecting, it is incomparable, and hence it is of the greatest interest in mining. In 
general, for boring long holes at an angle, or even horizontally, the drill has no rivals of any 
kind. 

* See paper hy Echley B. Coxe, published in the Transactions of the American Institute of Mining Engineers, 
vol. i., p. 261, and Drinker on Tunneling, p. 756, on this system of sinking shafts by drilling holes of from 250 to 
800 feet deep, which arc then filled wjith sand, and blasted out in stages. 
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At the Maij copper mines of Duektowti, Tenoeseee, three bore-holes were pat down, to 
determine, if possible, the position of the copper deposits which had been lost Id the first 
cafie,A vertical hole was sunk to a depth of 75 feet ^vithout discovering tlie ore. Another was 
then sunk 300 feet in a direction at right angles to the dip of the deposit without striking any 
paying bodies of ore, and at last one was sunk 488 feet, striking a rich body of copper ore in 
the iron pyrites. 




Flo. 104. 
" PROFILE SHOWING BORINGS IN THE SILVER ISLET MINE. LAKE SUPERIOR COPPER REGION. 



The Silver Mining Company of Silver Islet, Lake Superior, prospected qnite largely 
with the diamond-drills during the winter of 1875-'76. The borings were all carried on 
at a depth from the surface of 488 feet in a level 7 by 6 feet. The borings (18 in number) 
were made at various angles, and were from 70 to 253 feet in length, the total distance 
bored being over three thousand feet, taking in time about six months. 

Three bore-liolcs have been put down by Mr. O. J. Heinricha at the Midlothian colliery, 
Virginia. Tltese were respectively 1142, 922, and 715 feet deep, costing per foot $3.62, 
$1.91, and 94 cents. 
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When the question of boring sliort holes in open work or tunnels is considered, ex- 
perience has shown so far that the total cost of working (including plant) with the diamond- 
drill exceeds that by percussion-drills. As to the connection of the diamond-drill with 
tunneling proper, it has been used in California in tunnels driven in connection with 
hydraulic mining; also, lately (during 1872-'75) two tunnels have been driven by the 
Pennsylvania Diamond-Drill Company in the Schuylkill coal region, Pennsylvania. One of 
these tunnels was through conglomerate, the other through sandstone, the latter being de- 
cidedly the more refractory of the two. It was so hard that an average advance of only 
about 9i feet per bit was obtained in 300 feet of drilling ; that is to say, the bits would be 
worn smooth in drilling 9^ feet each, and have to be replaced by new ones. In the con- 
glomerate, under like circumstances, single bits would drill 40 and 50 feet before giving out. 
For driving these tunnels, the improved drills used in shaft-sinking were employed. The 
" long-hole" process was used for portions of the sides and bottom with good results, leaving 
the surface beautifully straight and smooth when compared with the results obtained by the 
usual process of hand-drilling. 

The American Diamond Rock-Boring Company supplied eighteen drills to Henry 
Meiggs, of Peru, who used them in the tunnels of the Lima and Oroya Railway. 

In England, the diamond-drill lias been applied in a number of tunnels, among others 
the Clifton Tunnel ; Messrs. Beaumont & Appleby have taken out a patent for its applica- 
tion to tunneling, which is described below. 

As will be seen below, the American types of the diamond-drill are much lighter and 
more compact than the English machines ; this is partieularlj'^ the case with the drill shown 
in Fig. 104J, built in the year 1877 by the Pennsylvania Diamond-Drill Company, which 
is coming into general favor. A number of* these machines have been even sent to 
Australia. Four companies own the patents under which M. Lesehot, the original inventor 
of diamond rock-boring, controls his inventions in the United States. These arc the American 
Diamond Rock-Boring Company, of Providence, R. I. ; the Pennsylvania Diamond-Drill 
Company, of Pottsville, Pa. ; the Northwestern Diamond-Drill Company, of Chicago, 
III. ; and Messrs. Severance & Holt, of San Francisco, Cal. . The American Company and 
the Pennsylvania Company made separate exhibits of their drills in Machinery Hall, at the 
Centennial Exposition, Philadelphia, 1876.* 

The American Diamond Rock-Boring Company showed one of their prospecting drills 
mounted on vertical boilers. The drill is driven by means of two oscillating cylinders set at 
an angle with each other, and working the sliaft through the intervention of two bevel-gears. 
Above the cylinders is a drum which can be turned by the engines, and which is used to 
hoist the drill-tubing from the well. The feeding of the drill is accomplished by means of 
differential screws, and is uniformly progressive, no matter what variations there are in the 
nature of the rock passed through. A small drill made for open quarry-work was also shown. 

The engine, feed arrangements, and the drill-rod are held by two parallel legs, while a 
third one, movable at pleasure in several directions, forms a tripod-stand with the other two. 
The drill-rod passes through the centre of the cylinder of the engine, which, being a rotary 
one, turns the drill without the intervention of cranks or gearing. The drill is fed down- 
ward by two worm-wheels which engage a screw on the upper part of the shaft, which latter 
passes through a gallows-frame on the top of the two parallel standards. When in opera- 
tion, the progress of the drill is regulated by friction-clutches on the worm-wheels. 

During the construction of the Illinois State Capitol, it was found that unless the stone 
columns used in erecting it were made lighter, much inconvenience and extra expense would 

* See " Engineering and Mining Journal/' New York, vol. xxiii.. No. 10, p. 150, Marcli lOtk, 1877. 
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result. To get rid of this difficulty, a large size diamond boring-machine was constructed, 
which cut a 24-inch hole and extracted a 22|-inch core from each of 260 of these colunms. 
A piece of one of these cores was shown in the exhibit of the co;npany. 

The Pennsylvania Diamond-Drill Company exhibited one of its rock-drills which is 
provided with the hydraulic-feed. The engine which drives the drills is one of Root's patent 
square engines, connected to the drill-shaft by means of bevel-gears. On either side of the 
drill-shaft are two hydraulic cylinders connected at two places by cast-iron frames. Piston- 
rods on the lower side of these cylinders arc fastened to a cross-head, through which also 
passes the drill-shaft. The drill-shaft, when working, is held by this cross-head, so that when 
the piston-rods are forced downward by the admission of water under pressure, the bits are 
pressed against the rock with corresponding force. The advantage of using this form of feed 
consists in the use of a constant pressure, no matter what be the varying nature of the rock 
passed through ; it insures very rapid jjrogress in boring through soft material. When drill- 
ing in rock, however, which contains seams or empty pockets, the use of the hydraulic-feed 
might not be the best, as the sudden shock to the diamonds in the bit, when driven through 
such empty space, might break them. It is claimed that the screw-feed is preferable in the 
hands of an inexperienced man in such material. 

A small drill for open quarry- work, shown by the Pennsylvania Company, diflfered from 
one shown by the American Company in being driven by two small oscillating engines. 




Side Elevatloii. 

Fig. KHKa). 

BEAtTMONT & APPLEBY'S ADAPTATION OP THE DIAMOND-DRILL TO TUNNELING. 

The diamond-drill as now manufactured with the improvements originating with the 
Pennsylvania Diamond-Drill Company, and as yet principally used in the United States 
and Canada, bores a straight, smooth hole, of even size down to the bottom. This, it is 
well known, has been hitherto impracticable with other drills. The importance of thus 
permitting the passage of the bulk of the charge of explosive to the very bottom of tlu 
hole is easily seen and appreciated. 
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To reviBrt to the application of the diamond-drill to tunneling proper, Figs. lQ4^a) and 
104i(J) show Beaumont & Appleby's patent in England (No. 1682, a.d. 1868). Fig. 104i(a) is a 
side elevation and Fig. 104i(J) an end view of the driving apparatus; c^a is the hollow bed-plate 
mounted on wheels a', so as to traverse freely on rails to and from the working face ; in it 
there is mounted a small air-engine with 
a vertical cylinder ft, driving, by means 
of a connecting-rod, the shaft ^ ; <2 is a 
small pump, which the engine also 
drives; it draws water by means of a 
flexible suction-pipe, and forces it into 
an air-vessel in the bed-plate, from 
whence it issues by four nozzles a' a', 
provided with stop-cocks, and by flexible 
tubes is conveyed to the borers. The 
shaft c is supported from the bed-plate 
a by two standards e Cy and at the outer 
end it carries a spur-wheel y^, gearing 
with another similar wheel g on an axis, 
the bearings of which the standards also 
carry. On the axis of this wheel, and 
also on the shaft c^ two arms h h are 



mounted between the standards; they 
carry at their outer ends pinions t i, gear- 
ing with the wheels^^ and g respectively. 
These arms are able to turn upon their 
axes, and can be set to radiate from-them 




Fig. 104K&}. 

End elevation of Fig. 104;i(a). 



in any desired direction. Each of the arms h has a disc A' upon it, concentric with the 
axis, and in the face of this disc is a circular groove, dovetail in section ; they re- 
ceive the heads of screw-bolts which pass tlirough lugs e^ on the standards e, so that, 
by means of clamping-nuts on these bolts, the arms can be locked in any position. 
From the axes of the pinions i motion is given to the borers by means of shafts 
i, which are connected with these axes, and also with the driving axes of the borers, by 
means of universal joints ; the shafts h are also made telescopic. From the forepart of the 
carriage a, coupling-bars I pass to the axis m, which has also flanged wheels at its ends to 
run upon the rails, n is a casting connected with the axis "^n, and able to turn about it. This 
casting, when the machine is at work, rests upon the floor in front of the working face ; it is 
planed on its upper surface, and a T-formed groove runs from end to end of it. oo are 
columns standing upon this casting ; they can be clamped to it at any part of its length by 
bolts, the heads of which are received into the T groove, and which project through holes in 
the base of the column ; these holes are slotted so as to admit of the column being turned 
partly around and so clamped. Each column is made in two lengths, clamped together by 
flanges having slotted holes in them, so that the one part of the column can bo turned partly 
round upon the other part. The columns each have two slides jp, one on each of its 
sections or lengths, and these slides carry the borers ; they can be traversed up and down 
upon the columns and clamped in any desirable position. The columns are square in 
section, and have racks running from end to end of them, with which pinions on the slides 
gear ; the slides have also locking-pawls taking into the teeth of the rack, and which retain 
tliem at any elevation to which they may be raised ; they also have clamping-screws rigidly 
to fix them to the c<Jumns when the b(»*ers are at work. On each slide ^ is a face-plate 
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agduBt whicli A coireBpouding faco on tho frame of the borer is applied, and the two are 
clamped toother by bolts having dovetail heads entering a circular groove in the face of the 
slide j7. By this nrrangemcat, it will be seen that the borers may be set to bore into the 
working faco in any position and in any required direction, for tlie position of the borer can 
be adJDBted in a liorizont;d direction by traversing tho column o along the casting n, and in a 
vertical direction by travcreing the slide p upon the column, while the inclination of the 
borer in a vertical piano can be adjusted by setting the face-plate of tlie borer-frame to the 
desired position upon the faue-plate of the glide o, and the inclination of tlie borer in a 
horizontal plane can be adjusted by turning the column o itself partly round npon the cast- 
ing n. gg are screws at tlic upper ends of the columns ; tliey are pointed at their ends, and 
are Bcrewed ont into the roof to steady the columns in working ; t r are stays passing from 
the tops of the columns to the bcd-plate a. Wlien the apparatus is required to travel to and 
from the working face, the stays and the telescopic axes h are removed, and the columns oo 
are laid down till tlicir upper ends rest npon the bcd-plate a; tho casting n will then be 
raised off the ground, and be supported on the wheels of the axis m. 

We will now turn to the American type. It will be at once seen, by inspecting Figs. 
104} (a) and 104} (&) that the American drills are mnch more compact and easily adjusted than 




D1AM0ND.DRILL MANUFACTURED BY THE PBNNSTLTAinA DIAMOND-DBILL COMPANY OP 
P0TT8V1LLE, PA. 
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the heavy, costly-European type. These figures show the improved diamond-drill mannfiu^ 
tured in 1877 by the Penitsylvauia Diamond-Drill Company, of Fottsville, Pa. By im- 
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provemcnts recently made, these drills for open-cut or quarry work have been so much 
lightened that they are now claimed to be as portable as the ordinary percussion-drills. The 
lightest drill built by this company (exhibited at the Centennial) weighed only 290 lbs. 

Fig. 104i(c) shows the drill arranged for shaft-work. Four are generally used in sink- 
ing large shafts. Further improvements are being introduced to fully adapt these light 
drills to heading- and tunnel-work in general, and it has been proposed to apply them in con- 
nection with percussion-drills in the centre-cut system of blasting. Tlio centre-cut system Avill 
be found described in detail, p. 310. Briefly, it consists in drilling a set of holes from ten 
to twelve feet deep, meeting at an angle. These, charged with nitro-glycerine or dymimitc, 
bring out a centre-cut which is then squared up by subsequent side-rounds (Figs.llS and 119). 
With the diamond-drill, the plan proposed is to drill long holes around the sides, roof, and 
floor of the heading ; the core will then be taken out by centre-cuts, tlie holes for which will 
be drilled by percussion-drills, and the sides can then be brought in and the roof taken down 
by shots in the long holes, probably ten or twelve feet of a hole being blasted per round. 
(The side-holes, when centre-cut blasting is used, are generally of this length.) 

Also it is claimed that the diamond-drill can be used to advantage in taking up the 
bench of a tunnel in drilling the holes marked 3 and 6 in Fig. 121. So far as experience 
has gone in the matter of tunnel-work, it would appear that a judicious application of the 
diamond-drill in tunneling, as in shaft-sinking, would tend to accelerate the rate of advance 
attained, but probably it would be at a greater cost than with percussion-drills alone, just as 
the direct outlay in using percussion-drills in turn is found to be more costly than hand labor. 
It probably will bo the casi*, however, that the cost of the plant in diamond-drilling will in 
time be considerably reduced ; this seems likely, from the fact that excellent portable 
diamond-drills were sold in 1877 by tlie American companies at from $750 to $850 ; whereas^ 
a few years since none could be bought under $1500 to $2000. 

One of the most thorough records we have of the cost of work by the diamond-drill is in 
a paper read before the American Institute of Mining Engineers, Jime, 1876, by Mr. Lewis 
A. Riley, Chief Engineer Locust Mountain Coal Company,. Pa.* 

The results given were obtained, during the years 1875-'76, by means of two drilling- 
machines belonging to the Lehigh Valley Coal Company, and operating on their coal land in 
the Mahanoy, Lehigh, and Wyoming regions. The majority of the holes were put down for 
the purpose of proving the lower veins of the coal series; they had to encounter the harder 
rocks of the coal formation, much of the distance being through the lower conglomerates, 
going, in some cases, through the coarse egg conglomerate, the foundation of the coal deposit, 
and to the green stone and red shale which underlie it. The lower sand-rocks and conglom* 
erates are among the hardest known to geologists, and present a formidable resistance to the 
exploring-drill. This &ct must be taken into consideration, in comparison of the cost of 
drilling. An instance was observed where one bit, in boring in the upper or softer rocks of 
the Wyoming region, drilled some 280 feet without resetting^ while in the Lehigh and Ma- 
hanoy regions, in the lower and harder rocks, bits set with the same quality of diamonds 
would only bore from 3 to 20 feet before being worn out. 

The boring was done with a No. 2 drill, shown in Fig. 106. It was of an improved 
design, of large size, with oscillating engine of fifteen horse-power, and performed its work 
in a highly satisfactory manner. During one year, it drilled nine holes, of a total length of 
4562 feet, without being once repaired, or incurring any cost outside of the ordinary running 
expenses. The deepest hole bored was 900*6 feet long, so that its capacity of 2000 feet, as 
given by the builders, Messrs. Allison and Bannan, of Port Carbon, was not tested. 
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The cost of the drill, with movable boiler, sixteen horse-power, and 1000 feet of two' 
inch drill-rods, was |3873.40. In addition to drill, boiler, and rods, the outfit, with each 
drill, comprised n set of machinist's and fireman's tools, a portable honse, and a stock of dia- 




Fio. 105. 
IMPROVED DIAMOND DRILLING -MACHINE. WITH ALLISON'S PATENT HTDRAULIC-FEED. 
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monds snfficient to keep about five bite set for each machine, making a total cost of each 
drill and outfit of about $5000. 

The labor force consisted of a foreman, engineer, and fireman with each drill, and an 
assistant snpcrintendent in charge of both drills. If it were not for the work and time of 
removing the rods, onco for about every 10 feet of boring, to obtain core, two men would 
have been ample ; as it was, three men were found to do the most work at the least cost per 
foot. A pitch -indicator was devised by tlie assistant superintendent, consisting of an attach- 
ment to the drill by which the last piece of core which remained unbroken from the bed- 
rock, when the drill stopped, was brought to the surface in the same position as when broken 
off, by the rods being raised by hydraulic pressure ; then, if tliia piece of core was marked by 
a seam in the strata, the dip and direction conld be obtained accurately. 
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The total length of holes bored was 9901-9 feet. 

The average progress per day was ,. 18-9 " 

The average cost per foot was $2.22 

This included labor, diamonds, fuel, water supplies, repairs, expense of moving from 
place to place, etc. — in fact, every thing except royalty for use of patent right, and interest on 
investment and wear and tear, the last two items being estimat/sd at 20 cents per foot. 

The average cost per foot for labor was $1 16 

" " " " " diamonds 66 

" " '' ' ' " supplies, repairs, etc 41 

The deepest holes were found to be the cheapest per foot, eight of the number having been 
over 500 feet in depth, leaving out the first two for the purpose of comparison, as these two 
cost more than the rest by reason of being the first. The average of the deep holes per foot 
was $1.95, while the general average without the first two was $2.10 per foot. The diamond 
account proved to be a very difficult one to determine, owing to the fact that the same dia- 
mond was used over and over again in different holes, gradually depreciating until it became 
ground up into fine dnst, or too small to either set in the bits or core-barrels. . The diamonds 
were bought in the quantity, the borts or real diamonds of light color costing $11 per carat, 
and the diamonds of dark color $9 per carat. The bits were set with these diamonds, five of 
each kind weighing, on an average, about 18 carats per bit. When a bit vas set with new 
diamonds, and sent out, if it was charged to the hole using it, that hole would be paying for 
diamonds that would still be of use in other holes, and consequently the first holes would pay 
for all the diamonds. To get over this difficulty, as it was impossible to keep track of every 
individual diamond, it was found necessary to adopt some percentage to charge for loss. To 
obtain this, the weights of the diamonds in each bit, before using and after, were carefully 
noted, and the amount of dust or fragments obtained. This being done with several bits, the 
depreciation in diamonds was found to bo about 22 per cent, and, to allow of some margin, it 
was assumed to be 25 per cent ; or, in other words, that the value of the diamond was gone 
after being reset four times. This estimate was subsequently revised, and with the results 
given from the use of some 120 bits, and from an inventory of diamonds and dust on hand, 
it was found that 18 per cent was nearer the mark. 

The costs per foot, given in the following table on the basis of 25 per cent, are therefore 
slightly greater than the real amounts. After the above result of 18 per cent was obtained, 
a percentage of 20 was assumed in subsequent work to allow of margin. 

There is a pamphlet on " Die Diamant Bohrmaachinej^ by M. Pupovac, Vienna, 1874, 
giving a number of results of work with the diamond-drill. Other references will bo found 
in " Journal of the Franklin Institute," vol. xliii., " The Diamond Eock-Drill ;" « Journal 
of the Franklin Institute," vol. Ixviii., p. 353 (1874), " Diamond Drilling at Delano, Schuylkill 
County, Pa.," by C. E. Eonaldson ; Van Nostrand's "Engineering Magazine," vol. xii., p. 44 
(1875), " The Diamond Rock-Drill," with also a letter, dated May 18th, 1872, from Mr. James 
Brunlees, stating that the diamond-drill was being used in the heading of the " Clifton Tun- 
nel" with good effect (this letter is addressed "To the Machine Tunneling Company) ; article 
on prospecting with the diamond-drill in the Cleveland District, Lancashire, England — " Scienti- 
fic American," p. 35, July 20th, 1872 (from " The Engineer ") ; " Diamond Rock-Boring Com- 
pany," " Engineer," February 25th, 1876, p. 139. These references are almost all descriptive of 
rapidity of work, etc. Mr. Riley's paper stands, so far, alone as the most thorough record we 
have of the cost of drilling by company work with the dinmond-drill. The paucity of data 
on this subject is probably chiefly owing to much of the work being done by contract at fixed 
rates by the diamond-drill companies. 
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Merits and Demerits claimed for the various Principles Employed in Drills. 

There are two usual methods of working the valve — by tappets and by fluid agency. 
It can be said about the tappet system of working a valve, that, while giving a positive 
motion to the valve, there is liability to and there always has been trouble from breakage of 
the tappets and their slight working parts, which are struck three to six hundred times a 
minute with such great force. This trouble is increased in frosty weather, and this brings the 
repair bill up very high. Some opponents of tappets think that because the piston has to 
strike the tappet on the working stroke, the full force of tlie blow is not delivered upon 
the rock ; but this seems only a trivial matter. Where the tappet projects from the steam- 
chest into the cylinder, thero is required more dead space, and there is consequently more 
consumption of air or steam. There is, too, danger of knocking out a head in case the 
tappet breaks and falls into the cyHnder. The fewer working and wearing parts there are, 
the fewer the chances of stoppage, and the less the repair bill. 

In reference to automatic feed ; this is not generally applied to small machines, because 
these being used underground, light weight and simplicity are desirable. Wlien automatic 
feed is used, but one man is needed to work the machine. In many reciprocating rock- 
drills, the feed screw gets worn,>and the cylinder jiggles back and forth upon the guide 
ways, pounding and breaking the screw or fastenings. 

In reference to steam or air cushion, those who oppose it do so on the ground that the 
motive fluid must be introduced by this means in front of the advancing piston ; so that, 
although the head is preserved from being knocked out, the blow is lessened in force and 
depth. 

Rotary drills have claimed for them the advantages, that they give to the rock moix) of 
the driving force than do percussion drills, in which part of the force spent in striking the 
blow is given back to the machine. Eotary drills should be exempt from all troubles arising 
from crystallization of iron and steel parts. 

In some cases friction drills take a great quantity of water to wash out the drill hole — 
this water in many instances requiring force to put it where it is wanted, and if in large 
quantities, giving trouble again in deep mines. The water consumed by the drill may in 
some cases be ejected in fine spray, serving to absorb in some measure the powder smoke, 
BO that the face shall be workable in a few minutes after the blast. 

By employing a lateral arm clamped to the column, the drill may be moved in or out 
on the arm, and the arm moved up or down or moved around, thus commanding a largo 
portion of the breast without moving the column. The column should thrust against short 
pieces of timber at top and bottom. Columns over 8 feet long are apt to give trouble from 
vibration. For ver}^ large work, as tunnels, the column may be used to work out a drift of 
considerable size in extension of the line of the roof, and tripods used to take up the 
bottom. This has the advantage of dividing the drilling ground and enabling more men to 
be used. The disadvantage of the carriage is that the ground must be cleared before the 
carriage can be run up to the heading. 

The principal percussion rock-drills employing steam or compressed air, in use in the 
United States, are, named in alphabetical order, the Bryer (Newhall) Burleigh, IngersoU 
(Sergeant), Johnson (Duncan), Hand, and Wood. The Pennsylvania Diamond Drill is about 
the only American type of rotating core-extracting drills. 
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The cat below repreBeats a sectional view uf tlio Bryer drill. To the left hand, midway 
between the centre and either end of the cylinder, hfc two annular grooveB connected on the 
back by a passage-way, joining the steam cheat. The exhaust port is located in the centre of 
the cylinder. In the piston head are two grooves, which also pass entirely around !t. tn the 
right hand portion of the piston, eztendiag from the grooves in the same to either end, is 
shown a passage-way for steam. 





BBTBB DRILL. 



On the extreme right hand of the cut is the cushion valve, its lower end resting npon the 
lower head of the valve chamber. The valve is cylindrical, and reduced in size between tho 
ends and middle, to admit the free passage of steam to the cxlmngt port of tlie cylinder. 

Tho second cut represents tho Bryer drill mounted npon a column as used in mines. It 
is claimed to work expansively in part. The merits urged by the makers are lightness, 
simplicity, durability, and economy of motive fluid. 
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BRYEB STOPINQ DBILL IN OPERATION. 
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23o ROOK-DRILLS. 

In tbe Borleigli tappet drill there is a trough with ways on each side, in which the cylin- 
der slides. The screw feed is aiitoiniitic. The pistou rod, which has a double annolar cam 
and spiral grooves, controls the valve, effects thn feed, and caiiees bit rotation. It is some- 
times monnted in gan^ in a frame or carriage, two on a horizontal bar across the top and 
two at the bottom, eath having adjustability in tliese planes. 

The single drill is monnted on a threaded telescopic iron colnmn, having a mngle sharp 
point at the bottom and an iron tbiust claw at the top. This column may also he used hori 
zoDtallf for shaft work. 




BURLEIGH HmiNG DRILL ON MINING CARRIAGE. 



The raining drill on mining carriage has adjustment in all directions. It is intended for 
tunnels 6 'x 6' to 8 'xlO'. 

Fig. tf, page 237, shows the Burleigh carriage for mounting four drills on two bars, the 
lower of which may be raised and lowered by chains, pulleys, and windlass. It is designed 
for railroad and other large tunnels. There is an open space 4 to 16 feet in tbe clear 
between the sides. After a blast the track is cleared by throwing the rock into the centre, 
and then the latter may be removed by small narrow gauge vats on a track inside the drill- 
carriage track. We do not know of any of these now in use, except in the Satro Tunnel. It 
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may be jacked np from the track dnring drilling, and is licld in ]tlaco by screws frotD the 
ends of the npper bar, or else from the frame to the tunnel roof. 

For tunnels C 'x 6' to 8 'x 12' the tunnel carriage shown on l>age 237 is designed. 
It lias & drill-holding bar on long arms, controlled by chatHs and windlass for vertical adjust- 
ment. The bar has jack-screws at its ends, to jam the whole in place. 




BURLEIGH TUNNEL CARRIAGE MOUNTING FOIIE DRILLS. 




BURLEIGH STOPING DRILL ON STOHNG COLUMN. 



The Burleigh Hock-Drill Company saja that its stoper drill described nbove, will at 
65 pounds pressure move along the floor a granite bloc'k of 6 or 7 tons. The piston 



BOCK-DRILLS. 




BURLEIGH TUNNEL CABEIAGE FOR MOUNTIHG TWO DRlLLa 
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SECTION OP JOHNSON (DUNCAN) BOOK DRILL. 



RAND DRILL. 
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weighs about 56 poands when working witli drill point ; has 6 inch stroke and makes 350 
strokes with 66 pounds steam. 

The Johnson (Duncan) rock-drill has self feed, and steam or air pull back on the drill- 
point from the rock. The machines are moanted in two cj-Hndrical clamps to give universal 
motion, upon the column or a tripod. The idea of this is to enable the machines to be slipped 
through the body damped to onfrom the rock, tlms adding to the length of the feed. The 
tripod has independent movable and extensible legs with sharp feet and slides, to enable the 
whole to be pat near the walls or comers. 




BAND DBILL AS A VERTICAL GADDEB. 



RAND DBILL FOB HOBIZONTAL GADDING. 



In the Band drill the tappets are moved by the piston instead of by projections npon the 
piston rod. The feed in the machine is by hand, a square-threaded screw carrying the cylin- 
der along on its bed-plate, which latter has a vertical pivot. 

The new Sergeant drill, made by the Ingersoll Roek-Drill Co., was described at length, and 
illostrated, by Mr. F. L. Miller, C. E., in a paper before the Engineers' Clnb of Philadelphia, 
September, 1880, Tlie accompanying cut on page 241 shows the working drawings of the 
latest form. The principal peculiarities ace in the valves and the ports and passages. The 
valve is a cylinder, having flanges somewhat smaller than the cylindrical steam chest, in which 
the valve elides npon a central bolt, which serves to hold the chest heads together. The chest 
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WOOD'S DBi LL. 
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Leads liavo rnhbor cnshions. The piston is of great iengtli, ftnd has a cavity as long as the 
piston sti'oke, so t]iat it will always register with the ports and allow tiio steam ezhaost from 
the valve to be exhausted therein. We will enppose the valve at one end of the stroke aud 
steam let into the chest ; the steam will pass to the cavity between the flanges ; the steam 
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NEW 3 ROCK DRILL. 




WOOD'S IMPROVED DRILL AND CHANNELING FRAME. 



being exhausted at the other end there will be no opposition to the valve moving toward that 
end, by reason of the steam nishing past the flange nearest the cylinder valve end. The cavity 
in the main pistOD preventH the valve being shifted until the main piston is nearly at the end 
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ot its Btrokc, ^lica it will uucovcr tlic cxliaust port of tho valvo cylinder in -wJiich tlio steam 
in coDfincd, tlio Bteam passing into tlic upper port, then to tlic op^iositc end of tlic clicst, tlien 
hy the lower [M)rt to tlio cavity in tho piston. Eotntion is by Untcd bar and nut, nnd feed 
by liflnd. 

Thk Dynamic Kock Drill. 




The Improved Wood Rock-Drill, aa developed und inatmfactiii-od by the Graydon & Den- 
ton ITPg Co., of Jersey City, N. J., is known as the " Dyiiaiiilc." 

The cylinder is compact, and elides in guides iti a shell, throngh 'which a single bolt 
passes to secnre it to the tripod, cohimn, or other mounting. 

Tho motion of the cylinder along thcso guides is controlled by a screw tiu-ning in a yoko 
attached to the shell, and working with a crank. 

The piston, piston-rod, and chuck are in one solid piece, the chuck A being larger tlian 
tho piston, a feature which we believe is peculiar to tliia drill. 

Tlio front head is formed by shrinking a wi'onght iron ring around two semi-cylindrical 
pieces, thus holding tlieni firmly together about the piston rod. 

Kotation is secured by a rifled bar free to turn in one direction only, and working in a 
brass nut screwed into the b:iek end of tho piston head, which is correspondingly rifled. 

Owing to tho form of the front cylinder head, the chuck A may be as large as desired, 
and is made abundantly strong. 

Three cylindrical wedges, or gibs, B, flattened on one side, and liaving eccentric prolonga- 
tions t,as shown in the illustrations, fit loosely in corresponding grooves in the chack inclined 
to the piston rod, and firmly grasp tlie steel when forced forward by the momentum of the 
^rfX blows struck. It is this device for holding the drill rod that is claimed to enable this 
drill to take round, octagon, or hexagon steel as it comes from the mill, without having the 
shanks turned or forged. 

The valve is a plain, flat slide, fitted to a valve piston, having its reciprocating motion caused 
by admitting steam alternately to each side, through passages which are oj>eiied and closed 
by a small auxiliary J) valve. A small Imb on the hack of this valve tits in a helical groove 
in the vertical plug as shown. This plug is constantly pressed downward by steam pressnre 
upon it, but is forced up by an iucliue upon the piston, during the return stroke. Tlie throw 
of theanxiliary valvo is time accomplished with a minimum of sliock,and as the valve piston is 
moved by steam and cushions on steam, it also operates with little or no shock ; and the only 
part subjected to serious wear is the plug which rides upon tho piston. 

The stem or adjuster Y, enables tho plug to bo turned on its axis, and the auziliaiy 
valve to be raised or lowered in the helix. 
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Bjr tlius clian^ng the setting of tho auxiliary valve, the Btroko of tho piston may be 
varied at will, or may be confined to any part of tlie cylinder. 

Tlie drills are mounted on stands suitable for eadi class of work to bo done ; ns tripod, 
column, quarry frames, and carriages. 

AseTBAcrrs of Fapebs on akd Descbiptions of Rook-dbiixs. 

[Abstract of article on rock boring machinery in the " Scientific American Supplement" 
Sept. 9, 1878. Page 2,221. From pamphlet, " The Application of Machine Power in Bock 
Drilling," by Richard Sehram, London. G. Hill, WeBtroinster Bridge Boad.] 

Schram*a claFsification of rock-drills is into five classes ; 

Ist. Ram system — Schwartzkopff and Warsop. 

2d. Lever system — Schumann, Burleigh, Sach, Heckean, Warrington, 
Ingersoll, Drum, Koanhead, Cranston, Barrow, and many others. 

3d, Duplex — Sommeiiler and Ferronx. 

4th, Kotaiy " diamond " — Brandt, etc. 

5th. Direct acting — Darlington, Sehram, and Beynolds, without slide ; 
and Osterkamp, Sehram, Cederhlom, and others, with slides. 

The ram system Sehram considers impracticable. In the lever are 
gieat wear and tear and loss of powei". The duplex system requires cheap 
and plentiful con^resscd air, and tho great length of the machine necessi- 
tates all tho borings being nearly horizontal. Lisbeth's rotary liand drill, 
as improved by Macdermott, works well in coal and soft slate, but not in 
hard rock. Among direct acting machines with slides aro Osterkamp's, 
Docriug's, Schr.im*s, Cederhlom's, and others. In Schram's theouly moving 
parts are the main piston, slide piston, and slide, and the rotating portion 
with its piston. 

The slide rod is in the front of a double spindle vaive, so as to remain 
in position without any recoil until the piston has made the greater part WOOD'S OADDEE. 
of its stroke. To prevent the drill slicking fast, there is a reverse rod to 
reverse the slide and pull tiie drill out. To prevent the piston striking the lower cylinder 
cover, there is an air cushion at the lower end of tho cylinder, and there is also an iron 
ring and an Indi& rubber washer (exchanged for one of iron wiien steam is used), to moderate 
the violence of the shock such blows would cause. To rotate tho drill on the back stroke, 
there is a twisted bar with a grooved disc, on a brake acted upon by a small piston. 

[A\xiTSiCt oi -^^T \a Scientific American Supplement, December 22, 1877, page 1634, 
Uikenirom Miners^ Journal.'] The principal shapes of drills are -i- x n and T. Theedgeof 
the secoud tool should not be wider than that of the first one ; it is better that the drills should 
decrease in diameter, say by y^ to | inch, thus; 1{, \\, 1, etc If a hole 12 inches deep and 
1 inch diameter take 4 minutes to drill, one 2 inches in diameter, of the same depth, with the 
same machine, should tako 16 minutes. Tliat is, the time and power to bore vary with the 
square of the diameter of the hole. It is then best to have the short hole of small diameter. 
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The Siow FlexiUs Shaft liae not been used much for mining work. At the present 
writing (April 1, 1881), there are Bome parties experiraentin^ with the shaft for drilling 
blasting hc^ea for coal cutting. One improvement in the Stow shaft is dated March 12, 1878, 
covering a roundabout transfer to carrj power by means of driving belts. This patent con- 
sists in the combination of a driving pulley on the lino or counter-shaft, a weight canying 
two or more pulleys, the swivel frame carrying two or more pulleys, a pulley on the operating 
tool, and a driving cord, whereby the tool may bo extended two or more times as far as the 
weight is raised. 

A Suhmarinc liock-Drill by Edward Mono, of Portland, Maine, is illustrated in the Scien- 
/ySc Americaji Supplement, January 21, 1877. This is a rotating nppamtus, with a drill 
shaft bearing a bevel pinion, driven by a bevel wheel upon tlic shaft of a rotary engine driven 
by steam or compressed air, obtained by flexible pipes from the boat above. The drill is 
withdrawn by reversing the engine, and the whole aflair is highly iinpraeticable. 

Shaw and Clark's liouJc-borer {Scientljic American Supplement, Noi'ember 10, 1877, 
page 1538), consists of a cylinder and piston rod with two pistons. Steam or nir is intro- 
duced in the middle between the two pistons, and acting upon one or the other of the pistons, 
closes the exhaust, and forces the air f ro[ii one piston to the other, by one or the other piston 
coming in contact with the slide valve, closing and opening suitable ports. The feed is 
automatic, by means of an auxiliary cylinder. 

The Jordan Hand Power DrUl, shown in tlie Engineer, November 30, 1877, page 394, has 
a tubuhir rod of steel working through glands at the top and bottom cylinder, the top gland 
being packed witli cap leather, and the piston slightly cupped on its upper surface, and packed 
with the thin disc of leather, which, when pressed down by the nut, becomes a cup packing. 
The top of the '.ubnlar packing has a lifting block in tliree parts, two forming the body, and 
one the sleeve by which all are lield together ; there is a driving nut, the lower end of which 
revolves ou the piston as in a dressed bearing. This nut is screwed through its entire length 
of eight inches to fit the screw portion of the steel drill bar, 
which passes through the centre of the machine and carries 
the boring tool at its lower end. Tlie drill bar is screwed 
through one half of its length, and the other half is hexag- 
onal, and passes tlirongh the cap like that at the lower end 
of the tubular piston rod, so that it must turn with the pis- 
ton, while having independent lengthwise motion through 
its centre. There are two cams on the wheel shaft to govern 
motion of the drill rod. In tiie lower portion of the cjdinder, 
the air enters through holes, and in the upward stroke of 
the piston is. compressed enough to cause the down stroke to 
be made rapidly, as soon as t!ie cam has passed the collars. 
The revolving motion of tlio Uir is got by frictional contact 
of the cam against the revolving collar ; this friction being 
regulated by a thuntb screw upon tiie feed wheel. Two men 
work this machine, making 110 to 180 strokes per minute ; 
the speed claimed being inches per minute, of 1} or \^ 
inch holes, in Portland stone, and 3 inches per minute of 
\\ inch hole in Aberdeen granite. The mining machine 
'^:fi^ '""^J^^f^ '^JT^^yP^T^' is claimed to work a 1} inch hole, 1^ to 1} inchespermlnute 
f'''^-^t f 'I W^_.:\C^-(^;^^^^ in Abei-deen granite. 

The Jordan drill was made by the Hand Power Drill Co., 
MERSHON'S HAND DRILL. Queen Victoria Street, London. 

J/er«/wwi'« //aWi)riii is illustrated in the Scientifio 
Amerioan, Juno 0, 1877, page 358. There is a strong frame through boxes in the cross 
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beams on which the drill Blides. One end of a short shaft is journaled into the frame, and 
the other end brackets. The inner end of the shaft bears a disc Ay with an arc-sliaped slot, 
in which there is journaled a roller concave in tlie direction of its length. There is an arm 
B projecting from a ring encircling the drill and passing through the slot in the disc A^ 
there is a block C fastened to the cross beam to receive the ring of the arm B at the lower 
portion of the stroke. The drill is enlarged and V-shaped, so as to trim the edges of the hole. 
There is a spiral spring around the drill, compressed by a fixed collar D on the drill bar. 
Inventor, A. J. Mershon, Warsaw, Ind. 

Frolic1C% Rock-DriU {Engineer^ September 8, 1878, page 321J. — In this machine the 
slide valve is fitted into a piston. Each end of the cylinder into which this piston fits, is 
connected by a passage with the main cylinder, and the ports in which these passages termi- 
nate arc alternately imcovered by the main piston when traveling either one way or the 
other. In starting, the compressed air enters through one of the main ports into one end of 
the main cylinder, driving the main piston forward until one of the ports corresponding with 
the valve cylinder is exposed to it. The valve piston having got pressure on one side will 
throw the main valve the other way, thus opening the main port on the other side and causing 
the reverse stroke of the main piston. In each end of the valve cylinder is a vent, 
through which the air exhausts. The size of this opening controls the speed at which the main 
piston moves. The rotary motion during the return stroke is given by a rifled bar. This is 
prevented in turning up the head with a ratchet like teeth, facing the toothed disc, with stops 
which prevent it from turning. On the end disc is a plunger fitted into a small cylinder 
to which the compressed air is constantly admitted by the passage, while thp disc and the 
head of the rifled bar are in a chamber, and have free connection with the rear end of the 
main cylinder. The feed motion is automatic, hy means of the screw and nut, the 
nut being free to turn and provided with ratchet teeth, engage two driving balls fixed on the 
lever, receive motion from the piston Z in a cross cylinder receiving air from main cylinder, 
"this air is governed by means of grooves in main piston rod, corresponding with grooves 
in the cylinder permit air to escape in a channel. Grooves in the main piston rod 
pennit the escape of air from the small cylinder. When the main piston gets near the 
end of the return stroke, the small piston returns, by reason of the smaller area around its 
piston rod being continually exposed to the pressure of the compressed air from the passage. 
The screw serves to alter the stroke of the small piston. In this machine there is but 
one lever, and no springs. In Germany a machine with 2^ inch cylinder bored 1^ holes in 
granite at the rate of 15 inches per minute, and in sandstone IS to 20 inches per minute. 

The author is indebted to Mr. George J. Specht, engineer of the Sntro Tunnel, for a 
description of the Brandt drill, as used in Europe. See foot-note.* 

* The Brandt drill is spoken of by many German engineers as possessing qualities which should insure for it 
a fkTorable reception. 

Its distinctiye feature is the use of hydraulic power for forcing a toothed steel boring tool and tube against 
the rock, and for simultaneously rotating the bit. The waste water passing from the engine, which rotates the 
boring tool, is used for keeping the cutting edges of the driU constantly cool, and for washing out the drill-hole. 
A column for the drill is formed by a species of hydraulic jack consisting of a hydraulic cylinder and a piston 
forced against the sides of the tunnel, drift or shaft. 

The boring tool consists of an annular steel ring provided with a series of hardened cutting teeth. The drill- 
bit is screwed on the drill-bar, which is tubular and consists of a series of pipes connected with one another in any 
suitable manner. The number of sections used depends upon the depth of the drill hole, which may be very great, 
as the drilling tool has only to withstand the action of torsion. The drill makes only 5 to 8 reTolutions a minute, 
but is forced with very high pressure against the rock. This shows that the principle of the Brandt drill is entirely 
different from that of the diamond drill, which works with low pressure, and at a great speed (400 to 600 revolutions 
per minute). The Brandt drill does not pulverize the rock by grinding a hard substance on it, as the diamond 
drill doesy but it crushes the rock and gains headway more as a circular saw in wood does. The inside diameter of 
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Dynamics of the Book-dbill. 

As regards practice in reference to lap and lead of valve in rock-drills, and of the expan< 
sion of the motor, one of the earliest manufacturers of rock-drills (Prof. Wood), says that he 

the drill-bit is 8^ inches, and may advantageously be increased to 4 inches. Experience has taught that the core 
of rock which remains inside of the drill breaks up into pieces about 1 inch in height, so that in lengthening the 
drill-rod, they can be taken out. In soft rock the core is broken up into small pieces, while in hard granite one 
drill makes 8 to 10 of hole, after which it has to be exchanged for a new one. 

The pressure works directly against drill head, on which the drill is fastened, the working principle being that 




BRANDT DRILL, AS USED ON THE SONNSTEIN TUNNEL.— Scale 1.10. 

of a differential piston, with a working pressure of 942 lbs. per sq. inch ; the total pressure acting on the drill is 
equal to 11,500 lbs. The rotation of the boring tool is brought about by a pair of hydraulic engines coupled together 
by a double crank shaft carrying a worm, which meshes with a worm-wheel mounted upon the cylinder. The worm 
makes about 180 to 220 and a maximum of ^00 revolutions per minute. The amount of water actually used is 
equal to 75 gallons per one hour drilling. It may be thought that the loss of power by friction between worm and 
worm-wheel would be very great, theoretical calculation leading to an estimated loss of power of 80jt ; the inventor 
however, claims that experience has shown this to be entirely wrong. As the wheel is of gun metal, and the worm 
of steel, carefully hardened, the surfaces touching each other are said to acquire rapidly a high degree of polish, 
so that hardly any grinding or wearing off can be noticed, nor does any heating of the parts take place. Experience 





BRANDT DRILL. 2.M 

has never even designed to secure expansion in the motor, whether for steam or for air. Even 
if it could be obtitincd witliout coruplicatiug tlie mechanism, he does not think the result 

has shown that th« loes of power in this part of the machiae b at the most 15j. TaMn^ into consideratioii the 
resistances from all other sources, it is claimed that TOS of the total power is utilized. As the worm-wheel has 88 
teeth, and the power is equally distributed over the 5 teeth of the drill, we have the enormous power of 127,000 lbs. 
with which each tooth cuts the rock. 

The drill is mounted od a hollow column, whose piston is forced by hydranlio preasnra against the aides or 
roof and bottom of tunnel or mine. The working principle 

is also that of the differential piston. Aaauming the work- f\a, \, 

ing pressure to be 943 lbs., the column is forced with ft .^^^^■■^^ 
pressure of 33,600 lbs. against the rock. The cylinder of 
the column is made of wrought iron, the piston of cost iron. 

The weight of the column when filled with water Es 
equal to 308 Ibe., that of the drill proper 364. 

The motive power is obtuned either by the fall of the 
body of water directly or by means ot any suitable hydraulic 

pressure engine or pump, in connection wilh an accumulator. The engine for driTing the pumps for one drCl 
shouldboequal to 10 horse power, and for two drills equal to 38.5 to 49 horse power. The pipes carrying the water 
from the pumps to the drills ore of wrought iron, and have a diameter from 2 to 1) to 0.98 inch. 

Practical Results op thb Brandt Bocs-Dbill. 
The Brandt rock-drill was first tried in the PfaSensprung tnnnel of the Qotthard R. R, and was then appUed 
in the Sonnstein tunnel, where special drcumstonces called for on exceptionally rftpid n>t« of advaikce. The 
following data show the practical results of the Sonnstein tnnnel in Austria : 
Character of rock : very hard dolomite. 
Cross section of tunnel heading : 70 sq. feet, or T xlO', 
Number of holes required for one round ; 8, 4, or G, 
Charge of powder for one hole : 65.9 lb. 
Each drill required one machinist and one or two helpers. 
One hole ot IS.S feet length was drilled in 3 h. 30 min. 

*■ 15.8 " " " 4h. 

Average progress with one machine was feet per 34 hours. 
In soft rock the machine worked entirely noiseless ; in hard rock only a crushing noise can be hearf. Novibrft- 
(lon ot the iDftchiuo is perceptible unless a person touches it with the hand. 

After the whole set ot holes was blasted, only s little of the rock was removed to make room for the column 
bnd to commence drilling anew, the bulk of the dtbris being removed by another shift. 

The average time of drilling a round of holes was three hours ; four attacks were made in 34 hours. 
No rapairs of any magnitude were necessary. 

The four machineis used (3 at work, 2 in reserve), wero in good working order otter the tunnel was completed, 
just OS well as when they were first put to use. The total work amounted to 950 feet of beading. 

This was the fir^t extensive trial the Brandt drill hod. The above results, therefore, must be considered to be 
those of a new machine in the hands of comparatively inexperienced men. 

Soon afterward the Brandt drill was employed in manj mines in Austria and Oermany ; among others, in the 
ooIUery in Attona, in Istria, where it superceded the Darlington drill 

A most decided victory for the Brandt drill was won at an extensive and very fair trial, at the PfofFensprung 
tunnel ot the Qotthard R. R. Circnmstanccs had prevented the Brandt drill from finding the due recognition of 
(ts merits at the Ootthard R. R., and a percussion drill (Frohlieh system) was preferred to do the work there. Bat 
OS the Brandt drill won one victoiy after the other, and all the more prominent underground enterprises availed 
themselves of this ingenious invention, the administration of the Ootthard R. R. finally concluded to give the drill 
a trial. The Frohlieh drill was nsod in the top-heading, and the Brandt drill in the bottom-heading of the Ptaffen- 
spmng tunnel, both working in the Ktmc kind of rock. The result ot the trials was the final acceptance of the 
Brandt drill. The cost of one foot progress was, with the Frohlieh drill, $13.30; with the Brandt drill, $7.02. 
There have been few fuller triab made between two different rock^rills, and the nctory in favor of the Brandt 
drill on this occasion appears to have been a marked one. The following are a few data (^ this trial, oU referring 
to the Brandt drill: 

S attacks were mode in S4 hours. 

Rock ; hard granite. 

Diameter of drill-holes : 3 inches. 
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desirable. The blows would not be so efficient as though the motor followed at full pressure, 
and the rapidity of the blows would be diminished ; tlie diameter of the cylinder and the 
length of the stroke being the same. It may be claimed that the motor will be used more 
economically by expansion, but even if it is, it does not follow that it is desirable. The 
object of the drill is to make holes the most economically, all things being considered. If 
saving one half the motive fluid requires double the time to drill a liole, the cost of the hole 
may be greatly increased. The cost of the motor is only one of the many items which enter 
into the cost of making a hole. This builder makes the lap of the valve barely sufficient to 
cover the ports. The lead of the valve, he continues, is an imcertain thing in a rock-drill. In 
the tappet valves, so called, the valve is necessarily reversed before the blow is struck. In 
his earliest machines, including those made by Prof. Eobinson and himself, illustrated 
page 208 of this work, the endeavor was to keep the motor at full pressure behind the piston 
until the blow was struck, after which the valve was reversed. This secured a dead blow, 
and was thought to be exceedingly desirable. Prof. Wood carried this to such an extremj in 
some later experimental machines, that there was a perceptible time between the striking 
of the blow and the beginning of the back stroke. The blow was perfectly dead. But then 
the customer objected to the machine because the blow was so dead, being, as he remarked, 
too severe on both the tool and the machine. At once the valve was so adjusted as to admit 
steam into the forward end of the cylinder before the blow was struck, producing a cushioned 
blow. The blows were lighter but more rapid, producing less damage to the tool, and less 
jar upon the machine. The machine required less weight to hold it down and was more 
steady ; the tool also was less liable to stick in the bottom of the hole than when the blow 
was dead. Under favorable circumstances the " motor cost " will be more for cushioned 
blows than for dead ones ; but the extra cost of the other items with the dead blow, would 
outweigh the saving. Since the maiden eflbrt referred to, Prof. Wood has designedly made 
drills with cushioned blows; but if a customer desires the dead blow, the valve can be 
changed in a few minutes so as to produce it. 

In rock drills there can practically be no using steam expansively, i.e.^ by cutting off, as 
the work is done at the end of the stroke. The amount of work in foot-pounds has never 
been figured, and it would be quite a long task to carry it far enough for practical use, as no 
two pieces of rock drill just alike. 

It is difficult to secure a reliable indicator card from a rock drill, for the stroke will vary 
not only with the pressure of the motor, but also with the resistance of the tool in the hole. 
The inertia of the working parts of the indicator operating as they are, 300 to 400 strokes 
per minute, and subject to the jar of the machine, render a truthful record practically impos- 
sible with our present appliances. 

Avera^ depth of drUl holes : 8^ feet. 

Each drill made in an average 10 inches ; to drill 108' of holes 182 drills had to be sharpened. 

Cross-section of heading : 70 square feet. 

One foot of progress of the heading required :. 1 hour 17 min. drilling. 

1 " 39 " loading rock. 

2 driU-holes. 

6*6 feet of driU-holes. 
8 drills sharpened. 
12*7 lbs. of giant powder. 
The greatest sacoess, however, the Brandt-drill obtained, was when the administration of the Arlberg tuiiieL, 
which was commenced a few months ago, and will be about 7f mUes long, connecting Austria with Switzerland, 
decided to employ the Brandt driU on this tunnel, the largest R. B. tunnel, next to the Gotthard, in the world. 

(See " Brandt's Hydraulisch Gesteins-Bohrmaschine," von A. Riedler, Wien, 1877 ; also, see ** R. v. Grimbuzg; 
Ban des Sonnstein tunnels mit Bohrmaschinen, system Brandt," Wien, R. v. Waldheim, 1878.) 
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Literature of Eock Drills. 

Following is a list of books, papers, etc., not previously named in this work, and bearing 
upon the subject of rock drilling, and on cognate heads : 

Ulnstrated article by Jno. Darlington on tunnels and rock-boring machinery in the Set- 
entific American Supplement^ Feb. 21, 1878, page 1730. 

Jordan's machine, illustrated in the Scientific American Supplement, Feb. 16, 1878, 
page 1,761. Two cuts taken from Engineer. 

Tunnel and rock-boring machinery, by John Darlington, Scientific American Supple- 
menty No. 109, Feb. 2, 1878, page 1730. From the Mining Journal. 

Percussion rock-drills, by Robert Giimshaw. Paper read before the Franklin Institute, 
June 15, 1881. Journal of the Franklin Institute, July, 1881. 

In Hie Engineer for July 27, 1877, page 69, is given an account of how food was con- 
veyed to prisoners in a coal mine through 40 yards of coal by boring a hole with a strong iron 
tube, the leading end being cut into the form of a crown escapement wheel, the teetli being 
set alternately in and out to give the necessary clearance. The outer end was fitted with two 
stop-cocks with a pressure gauge between the two, for ascertaining the pressure of the air in 
the submerged stall. The cutter end of the tube was made of the best wrought iron pipe, 
and after the teeth were cut and set they were case hardened with prnssiate of potash and sal 
ammoniac. This apparatus could bore coal at the rate of about 60 ft. per hour. The food 
was sent in by a food carriage. 

Ordering and Using Rock-Drillb. 

In asking estimates and information on the subject of rock-drilling, there should be 
sent a rough sketch and a full description of the proposed work, giving the nature and pur- 
pose of the work, whether surface or underground ; location, elevation (if air is to be used) ; 
the amount and the nature of the power, whether water or steam, if there be any on the 
ground ; the distance the compressed air has to be carried ; the depth the holes are to be drilled, 
the nature of the rock, the dimensions of the shaft, the present depth and the depth to be 
sunk ; the number of points from which the levels are to be run, their dimensions and length, 
and the distance the compressor will be from the month of the shaft. 

If it is for tunnel work, the present length and that proposed, the points froni which 
drifts are to be run, or shafts sunk, their length, dimensions, and depth, and the distance of 
the compressor from the mouth of the tunnel. If air is to be taken from one point and car- 
ried to different workings, their relative distances and positions should be stated. 

If the work is for the surface, its nature and proportion should be stated, as well as the 
depth to which the work is to be excavated and the extreme depth of the holes to be drilled. 

In carrying power for drills, remember that it is best to place the boilers as near as possi- 
ble to the drills, and the air-compressors as far as practicable, with the object of cooling the 
air as much as possible, and to cool the steam as little as possible. But in doing this conven- 
ience of fuel and water must not be sacrificed nor forgotten. Whether the steam pipes be 
long or short, they should be well covered. 

In using a new drill, with steam, it should be well warmed with steam before attaching 
the hose ; and after attaching the hose the drill should be run for a few hours with a dull 
point, until all the working parts are evenly headed and the drill rotates properly. 

Most drills are only made only tight enough to be used with compressed air, and if intended 
to be used with steam, the makers should be apprised of that fact, in order that they may 
provide against leakage. Before attaching the drill, the steam or air should be blown through 
the hose in order to free the hose from any small stones or dirt that may have collected. 

Be sure that the tripod legs stand on firm ground. A place should be made for each leg 
with a hand point ; and the drill should be raised far enough from the rock to allow the pis- 



250 BOCK. DRILLS. 

ton full stroke with three or four inehes to spare. Where the rock is slanting or uneven, the 
place where the hole is to be drilled should be pointed off level, to prevent the drill point 
from breaking off, and to insure a good start. The drill should be run slowly until two or 
three inches have been drilled, when full head may be turned on. 

It is desirable that the stand should be such that the drill can be readily adjusted in any 
direction ; that the same movement of the hand of the operator which feeds the drill up to 
its work should rotate it ; and that the valve should be automatic, and without much compli- 
cation. 

The adjustability of the tripod may seem a very little thing, but it means a great deal. 
A machine properly mounted will work where two men cannot work with hammers upon the 
face of the cut. In a seam only two feet thick, like that at Port Henry, New York, the 
jnachine has to work nearly flat, with the legs spread apart. 

As far as possible a percussion drilling machine should be light, compact, strong, porta- 
Ue, quickly set up and moved, simple in construction, readily repaired at the shaft-head, eco- 
nomical of steam or compressed air, rapid in motion, free from trouble in freezing up where 
compressed air is used. If possible, the drill should be withdrawn automatically when desired. 
The machine should strike the blow variably according to the rock being entered. It is desir- 
able that the hole be churned out by the machine itself, and that the bit shank may be quickly 
attached to the piston rod. Some like self-feed, some do not. The machine must be readily 
taken Jipart and kept clean and in working order. It must drill deep atone setting up. The 
heads should not knock out, and the tappets, if there bo any, should not break. The piston 
rod should be large. 

There is some work, such as cutting slate, granite, and marble, where blasting cannot be 
used for fear of breaking the stone ; and in this case 2-inch holes are drilled in a row, two 
inches apart, and the connection broken down by throwing out the rotation gear, and working 
out the stone between the holes with a drill bit having a flat point. 

Performance of Rock-Drills. 

In the Sutro tunnel the Burleigh drill, in headings 9 to 10 feet by 14 feet in trachyte 
rock, advanced 11 to 12 feet per day, in July and November 1874. The machines worked 
300 blows per minute, with a pressure of 60 to 70 pounds per square inch. One of the Bur- 
leigh drills worked 2^ months in the Iloosac tunnel, drilling 5,300 feet of 1| inch holes 
without any repairs. 

In the Scientific American Sxtppleraentj Jan. 26, 1878, page 1713, Mr. W. Shankey's 
memoranda of the performance of the Burleigh drill are as follows : In the Iloosac tun- 
nel, m hard gneissoid rock, greatly permeated with quartz, there were drilled 120 1| inch 
holes in 38 hours and 40 minutes ; being 16,948 inches in 2,320 minutes. The average depth 
of the holes was 11 feet 8 inches, the average number of inches drilled per minute, 7.3 ; 
the average number of inches drilled per machine per minute, 1*22. The drill points were 
changed 694 times, showing 24i inches as the average number of inches drilled by each borer. 
The maximum shift's work was 12 holes drilled in 150 minutes, to a total depth of 1,728 
inehes, or Hi inches per minute, with six drills, which is 1*91 inches per drill per minute. 
During this run the points were changed 51 times, giving 28J inches per point. 

At Stcelton, Pa., one 3^ IngersoU drill cuts 100 feet per day of 10 hours, including 
moves, using 7 bits and drilling 14 feet deep. The average cost of drilling as above, including 
labor, fuel, and sharpening bits, is 4J dollars per day or 4J cents per foot, by machine, while 
by hand the cost was 61 cents per foot. 

[Paper read before the Institution of Mechanical Engineers, Bristol,England, by John J. 
Geach {Scientific American Supplementj Sept. 15, 1877, page 1410), upon the mechanical appli- 
ances used in the construction of the heading under the Severn for the Severn tunnel railway.] 
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In tliia work the headings were commenced with hand labor and concluded with the Mac* 
kean rock-drill. By hand the progress was one foot in 24 hours ; with the Mackean two feet 
at first, the machine being worn out by the work from June to November, 1875. 

The average rate was 6 feet per 24 hours. In Nov., 1875, with the Geach machine, the 
rate was increased to 8 feet per 24 hours, u}) to Jan., 1876. After this the rate was 20 yards 
in 6 days, or 10 feet per day ; the average being 9 feet. The work was done 4,432 feet from 
tlie bottom of the shaft, which was 200 feet deep. 

At 11.30 A. H. the drill carriage was moved forward and fixed, at 11.40 the machine 
commenced boring, and in 66 minutes bad completed 20 holes averaging 2 feet deep. The 
firing was at 1 p. m. ; the total time for boring and charging being 1 liour 19 minntes. Two 
drills were nsed ^ one on each side of the carriage. 
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These six and four of the remaining ten Iioles were all bored by two drills. Fonr drills 
put down 40 feet of hole, or each drill bored 10 feet before sharpening. 

The machine consists of a cylinder with piston and rod and valve gear, mounted on the 
slide bed. Tlie cylinder has no loose covers or split glands. The piston and piston rod are 
in one piece of etecl, and the rear end of the rod, li inches in diameter, is cut witli epiml 
grooves with a twist of one in 32. This fits in the long cylindrical nut, the centre of which 
is a ratchet wheel 3i inches in diameter witli 28 teeth on a ball, which slips over three teeth 
per stroke. The front end of the piston rod is 2^ inches diameter in front, and coned to 1| 
inches at 4 inches back. There is a key way 1\ inches by J inch cut through the cone that forces 
the drill out when a longer one is needed. Over the end of the piston rod in which the 
coned hole is bored, is slirank a % inch steel hoop to prevent the coned end of the drill from 
bursting the end of the piston rod, and to give some elastic slip. 

The valve gear consists of two pistons on one rod slide in a cylinder ; tlie air being taken 
between this piston and let in and out of the two ends of the drill cylinder. The ports are 
one inch long, | inch wide, ^ inch deep, and are \ inch short of the cylinder ends, to form a 
cushion. The valve pistons are packed with C rings with spiral springs behind. The valve 
is driven by a ball tap on the piston rod through a quadrant mounted on the pin. The feed 
is by a 1^ inch feed screw turned by hand. 

In this work the air was at first pumped into the receiver by a pair of inverted single- 
acting cylinders 12 x 15 inches, a trunk with a valve on the upper end, or on each cylinder 
driven by connecting rods from the opposite cranks on one shaft, on which the pulley five 
feet diameter and the fly wheel were fixed. The pulley was counterbalanced, but the 8 inch 
double belt would not stand the work, so a vertical engine 9J inches by 18 inches was kept at 
right angles to the cranks of the air pump. The delivery and inlet valves gave trouble by 
breaking. Another air pnmp, used later on, had air and steam cylinders 13 x 18 inches, 
mounted vertically on two standards and coupled to the crank shaft at right angles to each 
other. These are so made that if the valves at either end of the cylinder work wrong, the 
cover can be taken off and the cylinder worked single-acting. 
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The air is forced in by a fan. The receiver is a 28 x 25 feet .cylinder, kept nearly half 
full of water to cool the air. The air cylinder is jacketed to cool it, and there is also jet 
injection. At each end of the cylinder there is a ball clack screwed into the casting, and con- 
nected to the lower part of the air receiver by a | inch bore copper pipe. When the pressure 
in the air receiver isgreater than that in the cylinder, a jet of water is injected into the latter. 

The following data relating to submarine work at Hell-Gate have kindly been furnished 
by Captain James Mercur, 

" For the first two years of the work, we were limited in funds and in all facilities for 
carrying on the work, being obliged to make standing room for our plant before we could set 
it up, using for the preliminary excavations temporary appliances since discarded. 

" Our plant now in use you saw; the compressors are of an old pattern which we would 
not have bought for this work. They are those which we used at Hallet's Point. 

" The compression cylinders work very well, giving good cards, and the steam cylinders 
are good of their class, but they expand their steam but very little, cutting off at about 
J stroke ; otherwise I am satisfied witli our machinery, and consider it suitable for work of 
this kind. 

" This of course only bears upon the subject of consumption and repairs. 

" The figures which I give you are taken from the official report for March, 18S1, this 
being the only month in which we have had the full number of eleven drills at work con- 
tinuously. (April report is not yet complete).* 

^' I also give you the total progress to April 1, 1881. We own our tug and stone scow, 
and include the pay of crews and ordinary repairs in the price of dumping. We include in 
the total cost of each item, coal, iron, lumber, nails, bricks, mortar, and pay of carpentei-s, 
machinists, masons, etc., so that the cost per yard each month can be checked by dividing the 
total expenditures for the month, as shown by General Newton's payments, by the number 
of yards reported by the surveyor. 

" We used No. 2 extra dynamite, common safety fuse, and Atlantic Giant Powder Co. 
caps, for blasting. 

'* Wages as follows: Drillers, $2.32; helpers, $2.08; laborers, $1.76; drivers, $1.76; 
outside laborers, $1.50 ; machinists, smiths, carpenters, firemen, etc., current New York City 
prices. 

" All materials and supplies cost us about current wholesale rates in New York City." 

Replying to a second letter of inquiry, the same gentleman obligingly gives the following 
figures in additional explanation of his first data. 

" The cubic yards removed are measured in place, the amount being determined by the 
surveyor monthly, roughly checked by number of mine cars hoisted, to see that no faces are 
omitted. 

" The average volume occupied in the cars by one cubic yard is, when broken, 1.7655 
cubic yards. Inner measurement of mine car, 4.83 x 3'.5 x 1'.6 = 27 cubic feet. They are 
loaded very uniformly and just about flush with the top. 22,441 cars contained 12,710.86 
yards solid, differing but slightly from 5 to 9 (1 to 1.8). 

" A cubic yard weighs two gross tons, or 4,480 lbs. nearly ; the specific gravity and 
weight per cubic foot of 5 specimens being as follows : 

S. G. 2-902 2-597 2-609 2-586 2-884. 

Wt. per ft. 181-0 1620 162-8 161-4 179-9. 
Mean S. G. 2-716. Wt. 169-42 lbs. per cubic foot. 

* This has been added sinoe. 



THE HELL GATE IMPROVEMENT. 



259 



*' I think the stone o{ less specific gravity is probably enough in excess to reduce the 
average weight to about the figures given. 

" The quotient of lineal feet of galleries into cubic yards removed will give present 
average area of galleries, and average for some time past and probable to come ; at the early 
stage of the work the galleries were carried much higher, the enlargement going on with the 
advance of the galleries ; this entailment was stopped about October, 1878, since which 
date the galleries have been driven of nearly uniform size, t.«., about 10 feet wide by 7 feet 
high. (March gives an area of 67*5 square feet) 

" The figures for March, 1S81, are typical for regular work ; those for April are almost 
identical with them, showing as far as can be told befoi-e the report is computed, a little cost 
per yard. 

" The extra No. 2 dynamite bought from the Atlantic Giant Powder Company, purports 
to contain 50 per cent, of nitro-glycerine, and is sold to the government at 45 cents per pound. 

" The cost of explosive given, included also the cost of a fuse and cap. Average length 
of fuse per hole blasted is S'^G. The c^ps hardly ever miss fire, hence average caps 1." 

This information is given by permission of Colonel John Newton, Corps of Engineers, 
in charge of the work, which was carried on by James Mercur, Captain of Engineers, as 
superintendent under his orders, Mr. B. F. Boyle, overseer, a very capable and intelli- 
gent rock man, of large experience in coal and other mines, occupied a similar position 
upon tlie Nesquehoning Tunnel.* 

As regards the size of drills to use : 5-inch is used for submarine work, mounted upon a 
scow or frame ; for deep, heavy tunneling, mounted upon a carriage ; and for deep rock- 
cutting, mounted upon a tripod. This size will drill from 1 to 40 feet deep and from 2 to 6 
inches in diameter. 

The 4-inch is for tunneling, heavy straight grading and quarry work, and where 12 to 
20 feet holes, 2 to 4 inches in diameter, are to be made in very liard rock. 

The Scinch and the 3 inch are the*most used ; b^ing found in quarries, railroad tunnels, 
grading^ sewers and mining; the S^-inch drilling a 12 feet hole, 1| to 2^ inches in diameter, 
and the 3-inch drilling an 8-feet hole, 1 to 2 inches in diameter. Below this size there are 
the 2f and 2i-inch drills. 

For horizontal drilling the capacities are about i less. As regards the capacity of these 
drills, we annex some figures showing what they will do in various kinds of rock, and in 
some cases sliowing the rate of hand work in the same rock. 



Kaco or Works. 



Teliow Jacket Silver ) 
Mining Co ) 

Overman Mining Co 

Musconetcong Tunnel ... 
Sierra Nevada Mining Co. 
Eagle Harbor and-Ahne- ) 
iiee. <••.••«•* .•••••J 

Ausable Forks, K. T 

Canada Pacific B. B., ) 

Manitoba ) 

Millstone Point, Conn. . . . 

Iron Mountain Co., Mo. . . 



n 



5 in. 



5 in. 



5 in. 



"3 

CO 



In. 



I • • < 

8i 



Material Paiaed Through. 



Conglom., Feldspar, 
Porph. and Quarts. 

Hard blasting Bock 
and Quartz. 

Porphyry. 

Trap and Limestone. 

j Feldspar, ore and ) 
{ Feldspathic rock. ) 



j Iron ore, Porph. and ) 
( Limestone. ) 



Feet Drilled per Honr, Day or 
Month. 



1160 ft. mo. 

2000 ft. mo. 
25 to 40 feet per day. 

( 5887*/ Working * sea^ ) 
|4491^sons'75, '76,'77. ) 



. 207 ft. 7 in. in 3 days. 

7 ft. 8 in. per hour, 
45 ft. per day of 10 hours. 



Ck>8t per foot 
(Drill Hole.) 



Power. 
$1.02^ 

.18} 



.82 



.28} 



Hand. 



.88 



« See tables of work at Hell Gate at end of Chap. YL, p. 390. 
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Plac« of Works. 



Knoxville, Tenn 

Chicago and Colorado ) 
Minmg Co ) 



5 






4 in. 



Paxton Fnmaoe Pb 
Leesport 



Denver & South Park R. R. 
Wakefield Marble Qoar^ ) 

ries. ) 

Diamond HiU Granite Co. 

Steelton, Pa 

Georgetown, Col 



8iin. 

8i in. 
8 in. 
8 in. 



JO 

» 

s 

53 



In. 



21 



Material Passed Throagfa. 



Haible. 



Limestone 
Limestone. 

Granite Jion Rock. 

Marble. 

Granite. 
Limestone. 



Feet Drilled per Hoar, Day or 
Month. 



(140 ft. per day, 28 ft.) 

I per day hand 8 men. ) 

22 in., 1 man 10 hours, 



•■1 



5 ft. in 80 min. P 

DrilL 
ft. per drill, 8 ft. hand. 
40 ft. per day, 8 ft. 4 ) 

in. by hand, 1 man. ) 
80 ft. in 10 hours, 9 

ft. with 2 hands. 
65 ft. per day. 

40 " ♦" 

100 " " 

90 " ** 



[ 



Cost per foot 
(Drill Hole.) 



Power. 



.12 



IS 
Is 

(Dm 



Hand. p. c 



.60 



.04i 



75 



,61 



Officiai- Tbials of Swedish Iron Institution. 

Among the different rock-boring machines which Iiave heen tried by the committee 
appointed by the Swedish Iron Institution for the purpose of deciding which construction is 
the best, we have found those constructed by Mr. Bichard Schram to have decided advantages, 
as they are more effective than the others we have tried, and consume a smaller quantity of 
compressed air. In consequence of their simple construction they are easily managed by the 
workmen, and for the same reason require less repair. 



G, Bbatt, Member of the Committee. 



Dalkarlsberg Mines, June 9th j 1877. 



Trials wrrn Bock-borino Machines at Dalkarlsberg Mines, in Sweden, August 81st, 

1877, IN the Crosscut Vikern. 





85 lbs. PresBOze. 


46 lbs. Freaaare. 


55 lbs. Preaaare. 


Bock, Hard Variety of Syenite. 


Time of 
Boring. 


Feet 
Bored. 


Linlen 
per min. 


Time of 
Boring. 


Peet 
Bored. 


Llnicn 
per min. 


Time of 
Boring. 


Feet 
Bored, 


Linlen 
per min. 


Schram— wet 


m. n. 
22 50 
89 24 
2815 
89 40 
17 


ft. In. 
8 29 
806 
280 
223 

i.<m 


14 5 

7 7 
12 4 

562 

8 


m. F. 
1015 
20 80 
24 
28 60 


ft. in. 
290 
206 
402 
2 19 


28 80 
11 
16 75 

982 
15 09 

690 


m. a. 
14 40 

• • • • 

18 80 

• • • ■ 

14 60 

• • • • 

2120 


ft in. 
485 

• 

• ■ • • 

864 

• • • • 

288 
. . . • 
245 


88 06 


ditto— dry 


• • ■ • 


Rand— wet 


27 


ditto— dry 


. . ■ * 


Inirersoll- wet 


21 85 8 25 
8285 224 


19 20 


ditto — dry 


1 


. . . • 


Burleiirh — wet. 


Did not work. 


Worked badly. 


1148 














* 









1 Swedish foot, 10 inches ; 1 inch, 10 linlen. 
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Copied from a Pbinted Circular Becently Received. 

" Having seen that Messrs. Hathom &, Co., in their circiihir, published an account by 
ft * sub-contractor ' of Milf ord, of a trial between the ' Eclipse ' and the * Schram ' drills, the 
following is a bare narrative of the facts connected with this so-called trial : 

'^ Before the Schram drill was sent to Milford, the Eclipse had been at work for 
several months on the spot, and it had been ascertained that a drill of small size, but work- 
ing at high pressure and making rapid strokes, was the best suited for the soft red sand- 
stone in which they had to bore. The machine we sent down was of our largest size and, as 
we afterward found, much too powerful for the comparatively soft rock. Our machine 
only required 35 to 40 lbs. pressure, but as it suited the Eclipse drill to bo worked at 60 
lbs., ours had to be worked at the same pressure, the consequence of which was, that 
the blows of our machine were much too powerful, and the drill bits, cutting too deeply 
in the soft rock, stuck as if they had been driven into a bed of clay. The man who 
worked our drill, finding that the steam pressure was too great, tried to reduce it by parti- 
ally closing the steam-cock, but the result of this was that ho only reduced the speed of the 
machine. 

" The Eclipse drill had been used for some time, and was well ^ worked in,' and the man 
who worked it had had some months' experience of the rock ; our machine was quite new 
from the works, and tlie man who worked a stranger in the place. 

" Our man wanted to alter the shape of the drill bits, to make them more suited to the 
soft rock, but was not allowed to do so. 

"The diameter of the drill-bits, used for the Eclipse, was Ij inches, and the rock 
displaced in a 3 feet hole = 43,92 cubic inches. 

The diameter of the drill-bits used for our machine was If inches and the rock dis- 
placed in a 3 feet hole = 86.4 cubic inches, or twice the amount. 

" We emphatically declare the comparative results published by Messrs. Hathorn & Co. 
with regard to our drill to be thoroughly misleading, and we assert that our machine not 
only requires less repairs than the Eclipse, but bores faster. Whenever we can obtain a 
chance of having 2k fair trial against the Eclipse, we shall be glad of the opportunity ; in the 
meantime we advise intending purchasers of rock-drills first to see the two rival drills at 
work, and then to judge for themselves of their relative effectiveness and economy. 

" In a trial of this description, in order to make it a fair one, the following points should 
be observed : 1st. The machines should be, as nearly as possiblo, of the same size. 2d. 
The drill-bits of the same diameter. 3d. The machines tried at low, medium, and high 
pressure, as some drills are so constrncted as not to require such a high pressure as others. 
4th. The consumption of compressed air required by each machine for drilling a specified 
number of feet should be measured, etc. We hope this summer to be able to arrange a 
competition on these terms. 

" ElCHARD SCHRAH & Co." 

London, January^ 1881. 

In all these trials the the machines worked with the same pressure and in the same 
rock. 

At the Paxton Furnace near Harrisburg, Pa., the average number of feet drilled daily 
with the power drill is 45 feet, by hand, 9 feet Cost with drill 12 cents per foot, by hand, 
60 cents per foot. 



ROCK-DRILLS 
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At Leesport, Pa., a 3i inch IngersoU drill cuts 40 feet of 5 to 10 feet holes in 10 honiB, 
where twelve men would have to be employed to drill the same distance by hand. 

At the Knoxville Marble Company's quarry, the marble is hard, and is drilled 140 feet in 
10 hours per IngersoU drill with two men. By hand,* three men drill 22 to 24 feet in 10 
hours. Cost of drilling by steam is 1-16 that by hand ; and one drill and two men will do as 
much work as 15 men bv hand. 

Diamond Hill Gi-anito Co., Providence, R. I., one 4 inch or one 3 inch IngersoU drill 
cuts 40 feet per day. 

At Wakefield marble quarries, one 3 inch IngersoU machine drills 60 to 70 feet of 2 inch 
holes per day. 

The Chicago and Colorado Mining Co. di'ivo their IngersoU drills by air compressed by 
water power, and carried 6,000 feet in 4 inch pipe to the entrance of the tunnel, and then by 
smaller pipes to the drills, with 70 pounds average pressure, drill 5 feet in 30 minutes by 
power, where one man would drill only 20 inches in ten hours. 

At Ausable Forks, N, T., the work done by the IngersoU drill from September, 1873 to 
January, 1880 was as follows: 10 hours' work per day, of which 8 were drilling; material, 
granite walls and feldspar ore mixed with feldspathic rock. Three drills working, and one to 
spare ; shaft 5 to 40 feet, holes at all angles, average drilling for each drill, 10 five feet holes, 
from 1| to 1 J. Distance without sharpening bits, 2 feet ; air carried 820 feet through Si- 
inch pipe. Average working pressure 46 pounds. Consumption of "Arctic" drill oil, ^ pint 
per drill per day. 

For further information as to performance of rock-drills see Chapter VI. 



Table fbom 21a.hneb, showing QUANxnY of Hot Wateb to be injected into "Wokking 

Cylinder of Eook-Dkills to prevent Kefbigebation. 



ite preBsnro at 
le compressed 
troduced into 
Ling cylinder. 


Quantity of heat to be supplied to keep the temperature of 
the air from falling below zero during Its expansion down 
to atmospheric pressure. 


Weight of water to be injected into the working cylinder per 
nnlt of compresaed air introduced, to keep the iinal*tempera- 
ture from falling below sero, the temperature of yttiXja intro- 
duced being— 


Abflok 
which tl 
air is In 
the vrorV 


Calories. 


Fahr. Heat Units*.' 

• 


(»»F. 


60»C. 


««»F. 
1(W»C. 


2. 

8. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 


18.280 
21.030 
26.550 
30.828 
84.334 
87.285 
39.883 
42.094 
44.106 
45.945 
47.612 
49.145 
50.662 
51.885 


52.693 
83.447 
105.850 
122.325 
136.237 
147.946 
158.057 
167.028 
175.012 
182.309 
189.924 
195.007 
200.630 
205.879 


.134 

.212 

.262 

.311 

.346 

.376 ^ 

.402 

.425 

.445 

.464 

.480 

.496 

.510 

.524 


.108 
.168 
.206 
.240 
.266 
.289 
.809 
.826 
.842 
.856 
.869 
.881 
.892 
.402 


.074 
.117 
.140 
.178 
.192 
.208 
.228 
.235 
.247 
.256 
.266 
.274 
.282 
.290 



• Multiply calories hj 3.968, or divide by 0JU2. 
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Table fob converting Calobies into English (Fahb,) Heat Units. 





0. 

0. 


1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 


0. 


8.968 


7.986 


11.904 


15.872 


19.84 


28.808 


27.776 


81.774 


35.712 


10. 


80.08 


48.64 


47.61 


51.58 


55.55 


59.52 


63.48 


67.45 


71.42 


75.39 


20. 


79.36 


88.82 


87.29 


91.26 


95.28 


99.20 


103.16 


107.13 


111.10 


115.07 


30. 


119.04 


128.00 


126.97 


180.94 


134.91 


188.88 


142.84 


146.81 


150.78 


154.75 


40. 


168.72 


162.68 


166.65 


170.62 


174.59 


178.56 


182.52 


186.49 


190.46 


194.43 


60. 


198.40 


202.86 


206.88 


210.80 


214.27 


218.24 


222.20 


226.17 


230.14 


234.11 


60. 


288.08 


242.04 


246.01 


249.98 


258.95 


257.92 


261.88 


265.85 


269.82 


273.79 


70. 


277.76 


281.72 


285.69 


289.66 1 

1 


298.68 


297.60 


801.56 


305.53 


309.50 


313.47 


sa 


817.74 


821.40 


825.87 


829.84 


888.81 


837.28 


341.24 


345.21 


849.18 


358.15 


sa 


857.12 


861.08 


865.05 , 

1 


869.02 


872.99 1 


876.96 1 

1 


880.92 


884.89 


388.86 


392.83 



Miittiplier a.968» or diyisor 0.252^ 



Taiu.k fob contkrtixo Enoush <Faiir-) Heat Units into Calobies. 





a_ 

0. 
2.5«o" 

7 ^^ti^ 


1. 


.504 


.756 

8.d?s 


4 


' 6. 


1 

& 


1 

. 7. 


8. 


9. 


a 


.dad 

5.»^ 

to.«» 

^^ 4U 


1.006 


j 1.260 

• 


1.512 


1.764 


2.016 


2.268 


la . 


5.M4 

tO.5^ 
13. UH 
ICIJ»4 
15^.144 

^^S.|$4 


8.528 


8.780 


4.032 


4.284 


4.536 


4.788 


M 


5.796 


6.018 


6.860 


6.552 


6.804 


7.056 


7.808 


aa "". 


8.816 


8.568 


8.830 


9. 072 


9.824 


9.576 


9.828 


4a" ; 


i;ii.»5« 

I5.^;il 
l$.896 
20.916 
2».4»l 


n.o^ 


11.810 


11.593 


11.844 


12.096 


12.848 


5a 


18.608 


18.860 


14.112 


14.864 


14.616 


14.868 


aa 


16.l:» 

18.618 


16.880 


16.682 


16.884 


17.136 


17.888 


la 


18.900 


19.152 


. 19.404 j 


19.656 > 


19.908 


•a 


21.168 
28.6:^ 


21.420 


21.6^2 


21.924 1 


22.176 


22.428 


WK 


28.910 


24.192 


1 


24.696 • 

i 


24.948 



Mulli(akT l\d». or dinwr 8.968. 
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PAET III. 
Dbill Patents. 

Wb now proceed to consider the briefs of the patents which have been granted for 
power-drills in this country and Europe. These lists are not intended to take the place of 
full description of the machines, but simply a very brief statement of some of the lead- 
ing characteristics. We have, however, in foot-notes, given a more complete description of 
some of the prominent machines. We desire to say that we have taken great pains to make 
the American list very perfect. In the reports of the Patent Office, all kinds of drills were, 
for sevei*al years, included under the head of drills, and in the earlier history of power-drills 
some were classed as steam-drills, and others as pneumatic-drills. We have taken all the 
lists of drills, and, by examining the specifications, have excluded all but power-drills, leav- 
ing those included in the following lists. Still there may be devices used on rock-diills 
which are not included in these lists, but if such is the case, it is because the Patent Office 
has not included them under the head of drills. The list also includes tripods for mounting 
drills, drill-bits, drill-carriages, and other devices pertaining; to power-drills. 

Eighty or more patents for hand and drop drills were issued from 1849 to 1877. In 
the following lists a few of the later ones only, granted since 1876, are entered. Drop- 
drills are especially serviceable in making deep borings and for making large holes. This 
class of drills has been chiefly used in boring for oil and artesian wells. Hand machine- 
drills have not so far competed favorably for general purposes with the ordinary hand-drill 
driven by a hammer. 

As to types of drills of this class, a good description with cuts of H. B. Bartow's drill 
will be found in the number of " Engineering" for October 8th, 1875. The same drill is 
described in the " Scientific American" for March 4th, 1876, p. 151. The American " Vic- 
tor" hand-drill is another example. It is the invention of W. Weaver, of Phoenixville, Pa., 
and is probably the best hand-drill that has ever been tried. The bit used is peculiar in 
shape, and is called the " double-gouge bit," having two cutting edges with a space between.* 



TABLE 21. 
Amkbican Rock-Drill Patents. 



Date and 
Number. 



Mar. 11. 1851. 
No. 7972. 



Name of Inventor axd Bbief of Patent. 



Mar. 27, 1849. J. J. OOUOH^^This machine (Fi^rs. 84, 85, and 86) wus the first rock^rill ever made in 

No. G237. which the drill was driven by steam-power and acted independently of gravity. The machine was 

stationary, and the drill was thrown against the rock, the tool being seized at the end of the blow 
by means of friction-gripes. This made an automatic feed, the drill adjusting itself at the end of 
each blow to the advanced cutting. It was automatically rotated during the back-stroke. It was 
made in 1848-'49. (See p. 195 for fuller description.) 

J. W. FOWIiE.— (Caveat filed May 9, 1849.) Patent reissued June 5, 186G, No. 2275. 
The main feature of tliis drill was the attachment of the tool directly to a drill-shaft or bar, whicli 
was in a prolongation of the piston-rnd of an engine, so that the tool was driven by the direct ac- 
tion of the motor on the piston. This arrangement necessitated the feeding of the cylinder to and 
from the work, and rotating the tool independently of the piston. All the motions were automatic, 
such as operating the valve, rotating the tool on the back-stroke, and feeding the cylinder forward 
by means of a ratchet. Fig. 89 shows the drill for which Fowle's caveat of May 9, 1849, was 
taken out, and Figs. 90, 91, and 92 the drill patented March 11, 1851.t 

• The '* Jordan** drill in England (seo " Colliery Guardian/* Fcbmary 1, 1878) Is an outgrowth of (ho Weaver drill, (aoe p. 244). 
t The Fowle drill Is noted as being the type of all the sttco^ssfal pow^ rock-drU]8 piade since its ipTeption. (See i>. 908 f or a fUU 
«emriptioc.> 
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TABLE 21. {Continued.) 



Date and 

NUMBEB. 



Nov. 2. 1852. 
No. 9370. 

Nov. 23. 1852. 
No. 9415. 



Aug. 12, 1856. 
No. 15,540. 

May 12, 1857. 
No. 17,304. 

July 7, 1857. 
No. 17,765. 

July 7, 1867. 
No. 17,766. ^ 

Feb. 12. 1861. 
No. 81,430. 



May 10, 1864. 
No. 42,660. 

Oct. 18. 1864. 
No. 44.722. 

Nov. 1,1864. 
No. 44,862. 

March 7, 1865. 
No. 46.668. 

Mar. 19, 1865. 
No. 46,815. 

Mar. 21, 1865. 
No. 46,040. 

April 25, 1865. 
No. 47,800. 

May 2. 1865. 
No. 47,541. 

May 23, 1865. 
Na 47,810. 

May 28, 1865. 
No. 47,870. 

July 18, 1865. 
No. 48,785. 

Aug. 1, 1865. 
No. 49,120. 

March 6, 1866. 
No. 52.060. 



Name of Inyentor and Brief of Patent. 



Ii. P. JBNES. — Two cikwa-lieads were connected together and the feed was automatic 
Claims changing the rate of rotation and rate of feed. The pawl-holder for rotation retains its 
place. 

J. J. OOUCH. — Figs. 87 (a) and ((). The tool, passing through the hollow piston-rod. was 
thrown as in his first patent, No. 6237, and was seized at the end of the blow as before. This ar- 
rangement simplified his machine very much, apd was the type of several drills since constructed. 
(See p. 158 for fuller description.) 

Q. H. WOOD. — The drill was mounted on a frame, and driven forward by a spring. 

J. D. HOPE. — Z'^f^ll ; claims the maimer of forming the wings of the drill. 

L. P. JENKS. — The drill was forced back against a rubber spring, the recoil of which 
forced the tool forward. 

I<. P. JENKS and Q. A. QARDNER.— The Annual Report of Patent Office has made a 
mistake in the brief of this patent, and we have not l)een able to fill the brief. 

W. HAR8BN.*— Reissued August 11. 1874, No. 6000. This machine had a cylinder and 
valve motion similar to a steam-engine. The piston was hollow ; the drill-bar. of any required 
length, passing tiirough it, was moved with the piston and held by means of four wedges or 
cams on each end of ilie piston, these cams being held on the drill-bar by means of sliding col- 
lars, forced upon tbem by a complex arrangement, operating alternately. The drill bar and piston 
were rotated together by means of a ratchet operated by a spiral groove in the shield of the ma- 
chine. A tappet-bar fur operating the valve was a novel characteristic of this drill. This bar had 
%n inclined slut, iu which the piu from the valve-stem worked. 

R. H. IaAMBORN.— Compressed air-drill for mining. 

8. QWTNN.— Piston struck the drill like a hammer. 

S. QWTNN.— Hollow piston-rod of the Couch type. (See No. 0415.) A spiral ratchet was 
attached to the piston-rod for rotating the tool. 

'• — Combination of mining machinery. 



C. Ifa NOB. — Rotation of a drop- drill. 

A. SHTTiAND. — Spiral grooves on drill-bar for rotation. 

J. D. BUTIiER. — Hollow piston-rod of the Couch type. The tool was griped by means 
of steam pressure. 

H. HAUPT. — Couch type. Drill was mounted between two columns. 

H. HAUPT. — Drill had a griper-box for regulating the feed. A momentum feed is its 
chief characteristicf 

J. I<. 8MCTH. — Tool having three or more radial cutting edges. 

W. BIOSBLm — A drill-bit [which had an ordinary bit, and also at right angles to the cot- 
ting edge were two chisels or reamers, the object l>eing to make a round hole. 

J. BC MAT. — Improvement in the drill-bit. The drill is beveled like a chisel, one wing 
being beveled one way and the other the opposite way, so that as it strikes it will cause the tool 
to rotate, the object being to dispense with all the rotating mechanism in the machine. 

W. BROOKS, S. F. QATBS, and O. BXTRIiEiaH (Fig. 88).— This machine has a hollow 
piston (Couch type), the drill-bar being a screw passing Uiroogh the piston, moving with 
it, and fed through it, by means of a nut on the end of the piston-rod. This nut is held by means 
of a cap or union-nut, the union-nut l>eing screwed on t') the coupling, and the ooupling-nut being 



* This machine was tried at the central shaft at Hoosac Tanncl in April and May, 1865, bat Jt was not a snccess. The grea^ difficnlty waa 
In the complex arrangement for forcing the collars upon Che cams or wedges. It consisted off 190 pieces, and weighed 600 pounds. Thia 
waa the flnt machine in which all the working parts were covered and protected from the dust (See MasBachoaetts State Beporta, Senate 
No. SOjp. 88, February, 1887. Also, House, Doc. No. 4, p. 88. 1868.) 

t This drill was exhibited at the Paris ExpoaitioD in 1$B7, and received a medal. It waa patented in England (see Snglish. Ust, 1865, 
April 6, No. 961). The HcKean drill hasgrown out of it The feed was aaid in be very perfect, but neither the machine nor the priiicipla 
of the feed ev«r came into general nae. It was of the Coach ^ype. (See p. aoo of thia work.) 



AMERICAN PATENTS. 



261 



TABLE 21. {Continued.) 



Date and 

NUMBEB. 



XaMB of lKVEinX)R AND BRIEF OF PATENT. 



screwed to tlie piston-rod. The feed-nut protruded through the union-nut, and was allowed to 
turn around in it. On the end of this feed-nut was ratched a ^ear, covered hy a ratchet-lMind, with 
an arm upon it, all moving with the piston. The ratchet-arm moved up and down in a spiral 
f^roove, the gn^ove being in a shield attached by screws to the cylinder. On the ratchet-band 
there was a pawl and two springs, one under the other. One of the springs held the pawl in gear, 
the other held it out of gear. As the piston moved down, the outer spring came in contact with a 
trip on tlie shield, and was lifted up, allowing the under spring to throw tlie pawl into tlie ratchet, 
and as the piston moved back, turned the nut round, thereby feeding tlio screw forward. At the 
extremity of its backward stroke, the pawl came in contact witli another trip on the shield, which 
lifted it out of gear, the outer spring having a catch upon it which held the pawl when thus lifted 
out. Tiie rotary motion was given by a ratchet on the coupling-nut, covered by a ratchet-band, 
the arm of which moved in a spiral gro6ve in the shield similar to the otlier. only having a spring 
to hold the pawl in the ratchet ; this rotated all the parts on the piston except the ratchet-bands 
and cross-head. The latter was held between two check-nuts on the coupliog-nut. In order to 
operate the valve, a bar was attached to the cross-head, which communicated with a valve open- 
ing the port when the piston moved back, and shutting it when it moved forward, the air being 
always on the front side of the piston during both strokes. The piston having a greater area on 
the forward than on the backward stroke overcame the backward pressure and moved the piston 
ahead, and when cut off the continued pressure forced the piston back. On the back of tho 
stationary cylinder was a reversed conical projection, wliich, in combination with certain other 
devices constituting a clamp, secured the macliine to a cylindrical bar or beam in such a way as to 
admit of universal motion.* 

March 0, 1806. O. BnRIjBIQH.-*Tbe drill was driven by two or more cylinders, the drill being tfttached 

No. 52,961. ,to a cross-head connecting the piston-ixxls of the cylinders. 

March 20; 1806.! W. R. EXNQ.—Reissued October 26th, 187d, No. 6716. Telescopic legs for tripod. 
No. 53,305. Guide-plates for drill. 



June 5, 1866. 
No. 65,277. 

June 5, 1866. 
No. 65,S07. 

Sept. 8, 1866. 
No. 58,175. 

Nov. 27, 1866. 
No. 59,960. 



S. F. QATBS. — Drill-bit. Four cutting edges radiate from the centre, but divide the 
spaces unequally. 

Ii. P. JBNE8 and Q. A. QARDNBR. — Drill mounted on a column and raised and lowered 
by means of. a screw. The entire column may constitute tho screw. Machine mounted on a disc 
on the clamp. 

R. NUTTT. — Hollow piston-rod. Frame for mounting drills. 

O. BURIaBIQH. — This was a direct-action machine, in wliich tho drill-bar and piston 
are formed from one solid piece of steel. The cylinder and piston are placed within a slide, and are 
fed forward as the drill penetrates the rock. The movement of the valve and the operation of 
feeding are produced by the action of an annular projection upon the rear end of the piston-bar, 
and the rotation by spiral grooves in the same, in connection with a stationary ratchet and pawl. 
The slide is attaclied to the tripod, bar, or carriage by a clamp, which admits of universal motion. 
The rotation, feeding forward, and operating tho valve were performed by the direct action of the 
piston in its reciprocating movement, without any of the other parts being carried with it, the 
piston itself being entirely disengpiged at the moment of concussion, and alone receiving tho strain 
thereby prod need, f 

* Although this machine was on the Conch type so far as the stationary cylinder and hollow piston-rod arc concerned, yet in its mode 
of delivering the blow it wa.s lilcc the Fowle type ; for the drill w<u attacked directly to a piece (the screw) which reciprocated with the 
piston. Tho tool was rotated in this machine without rotating the piston, as was the case with Fowle's drill. 

No part of the machine wa:5 fonnd strong enough to wiUistand the strain upon it for any considerable portion of time. The anion, 
not proved to bo the weake}>t point, and the brealcing of this generally destroyed the part of the piston to which it was attacheu. 
Auotner point of weakness was tbe feed ratchet-l>and. the springs of which were almost continually breaking. 

The macblno cont'istcd of eighty pieces, twenty-three of which wi>ro screws, fifteen pins, and seven pieces of cast-iron. It 
weighed 940 pound:*, ran about 900 strokes per minute, and cost about $400. Its longest run without bn>akmg was about five days. 
The ran of one of tliom two days without breaking during the time was conaidcrcd fortunate. For a table showing tho list of break- 
ages, seo p. 90*2. 

Tho piston-bcad of this machine bad a diameter of 4^^ Inches. The diameter of the piston-rod was 4 Inches at the large end and 9!^ 
at tho small end. rSee Massachusetts State Legislative Reports, Uoilfle, No. SO, February, 1867, p. 88.) 

t This machine (Fig. 04(a) ) was the first either in America or Kurooe that came into general nso. belnp^usod not only for years in HooMC 
Tannel, but also since then in quarries, mines, and open cuts (see p. 907 \. The piston being free and unimpeded by any of the other parts, 
utilizes the full force of the motor in producing the blow. The reciprocating parts of previous machines had been the weak point, out in 
this machine they arc not liable to break (sec p. 'JOT ). Subsequent improvements were made upon tho machine, which have been the subject 
of several patents. 

Fig.M<a) is a section of the Bnrleigh drill as oaed in Hoosac Tunnel In 1807. AAis tho |)l.->ton-rt>d.havin<rasolld pistonB. Atitsrcar 
end Is an annular cam C, screwed on the rear end of the piston-rod, which opeiates tho valve and feed device. ThU piece as it recipro* 
catea comes in contact with the opposite ends alternate! v of the lever G, causing it to rock on the pin/, thus driving tho valve-rod /, and 
henco the valve. The handle k is for starting the valve ov hand. The rotation b operated by a stationary ratchet m, which has a feather 
projecting into a spiral groove in the piston-rod A. Dunng the back stroke the ratchet is held from rotating by a pawl which drops into 
tho tcc^ of the ratchet ; but during the advance stroke the piston goes forward without rotating, thus compelling the ratchet to rotato 
under thcpawl. In Mime casei>, a straight groove, feather, and ratchet were employed to prevent the piston-rod from turning backward. 

T%e Jwd.—The cylinder x x moved^in a slide M M, and held by means of the screw D. This screw was connected to the slide by an 
iron strap or yoke E. The screw was prevented from turning by the use of check-nuts. A nut p was secured to the cylinder in such a 
way as to rotate but not reciprocate. A ratchet is made on tho outside of the nut, which is engaged by a pawl, said pawl being operated 
by a lever, which lever was so arranged that its forwasd end was struck by the annular cam C, when tho piston advanced so far in tha 
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TABLE 2L {Continued.) 



Date ai?d 
Number. 



Nov. 27. 1866. 
No. 59,963 

Dec. 18, 1866. 
No. 60,497, 

July 80, 1867. 
No. 67,328. 

Nov. 26, 1867. 
No. 71^29. - 



Dec. 24, 1867. 
No. 72,465. 

Jan. 7. 1868. 
No. 73,053. 

Marcli 31, 1868. 
No. 76,131. 



Name of Inyektor and Brief of Patent. 



Q. F. CA8E.-r-Feed device. 

C. D. FOOTS. — Automatic moUonB, spiral grooves, 
mounting the drill. A chuck. 

R. O. M. IiOVBIiIi— Tuneling-machine. 



Piston strikes the drill. Frame for 



8. W. ROBINSON and De V. WOOD.— Reissued February 18, 1878. This was a direct- 
action drill of the Fowle type. The rotation was performed by a stationary, long, inclined 
spiral click engaging a ratchet on the piston-rod or drill-bar. The chuck for holding the tool is 
automatic in its operation. It consists of a hollow cone in an enlargement at the forward end of 
the piston-rod, into which are inserted three conical gibs. When the drill strikes the rock, the 
forward motion of the piston-rod is suddenly stopped, and the gibs, by virtue of their momentum, 
chuck forward, wedging themselves in between the sides of tlie hollow cone and the shank of the 
drill, and thus automatically fastening it. The feed is automatic, and is accomplished by the press- 
ure of the motor against the forward head of the cylinder durinfi: the back stroke of the drill, 
and was regulated by friction gripes iu such a manner that the feed advanced exactly as fast as 
the cutting advanced. 

F. B. DOBRINQ. — A complex machine. The valve, feed, and rotation are all operated 
by small pistons. The main piston is made to distribute the steam to the small pistons. (See 
English Patent, January 7, 1867, No. 43, and June 10, 1867, No. 1704). 

O. SOHUBKANN.— Valve, rotation, and feed, all operated by levers, etc Much like Saxe's 
drill of Germany. 

De V. WOOD and S. W. ROBINSON. — Momentum-valve movement by which the wUve 
was reversed after the blow was struck. This was the valve movement used in the inven- 
tors' drill at Hoosac Tunnel.* 



alinder as to make the feed desirable. When the lever was thus Btmck, it drove the pawl against the ratchet p^ thns taming Uie nat and 
vanclng the cylinder a corresponding amount The lever not being starack unless the cutnng-in hole was so advanced as to permit the 
piston to advance to a definite place in the cylinder, made this feed self-adjusting within certain limits. If the cutting advanced faster 
than the pawl could advance the nut on the screw, the piston would ultimately strike the forward head of the cylinder ; otherwise It was 
self-adjusting. Both automatic and hand feeds were used. The chuck O is secured to the piston-rod by means of a shank rr^ nicely 
fitting a socket, and secured by an oval key #. The rear head n is steam-packed. Back of it is a sleeve o, somewhat lonser than the stroke 
of the piston, so that the spiral groove in the rod cannot extend into the cylinder and permit the steam to escape. It also aerres as a long 
bearing for the piston-rod. (See patent No. 162,258, " Improved Burleigh Drill," for hcadlngwork ; tappets in it an covered.) 

* The Wood & Robinson drill was covered by several patents, among which are Nos. 71,^, reissued Febmary 28, 1878, 711,181 and 78,868. 
Fig. 96 is a cut of the one used at Hoosac Tunnel, referred to by Mr. Latrobe and by the State Commissioners (see p. 208). The pitton-rod 
A A, piston B, and chuck C are one piece of solid steel. If advisable, the ratchet D may, according to the speclllcation, also be made solid 
on the rod, but in this machine it was screwed on so that the process of rotating the piston-rod would keep it screwed on. The driU was 
attached directly to tiie piston-rod at C by a chuck which is automatic in its action of eeizing tho tool. A hollow cone Is made in the 
enlarged put C, having Us smallest end at the open end of the chuck. Conical gibs, three in number, are fitted into this cone, leaving a 
central hole of the proper size for securing the snank of the tool. When the tool strikes, it will suddenly stop the piston rod A A, and the 
gibs a a, by virtue of their momentum, wfll chuck forward, and by wedging in between the shank and solid part off the chuck, will seize the 
tool and hold it by friction. There are some mechanical details necessary to make this a success, such as the size and slope of the gibs, 
which it is not necessary to describe here. This device is self-centring, adapts itself to the wear of the parts, is strong and easily 
repaired. 

The valve is operated by the angle at projection D, Patent No. 76,131. As the piston-rod reciprocates, this projection comes in con- 
tact alternately with the projections <;c on the momentum-piece d, causing the latter to reciprocate, and the projections d tf on the opposite 
side of b cause a lever « «— Fig. 96— to vibrate, and this causes the valve-rod «| to reciprocate, and thus drives the valve/. The piece & was 
called a momentum-piece because it would move on, by virtue of its momentum, so as to complete the reversal of tne valve In case the 
piston stopped too soon. The piece b being free to move after D had stopped, was a great compensator for irregularities of feed and the 
variable stroke of the piston. 

The valve // was a piece of fiat steel having three rectangular holes g. A, i, and a round hole J for securing the %'alve-stem. Above the 
valve is a plate 1; A; having a hole through it for the admission of steam. The piece k is smaller than the valve, and partly balanced by the 
steam, andwas packed around Its edge with rubber. With this arrangement, no packing was needed about the valve-stem e^. The exhaust 
steam passed through the holes g ancTi directly into the air. The pieces which composed this device were simple, and some of them could 
be made by an unskilled mechanic. Tho weakest part of the machine was the momentum-piece b, which in after machines was so modi- 
fied as to be sufliciently durable. 

notation.— On the circumference of the annulus D is a spiral ratchet which was engaged during the back stroke by an inclined click B, 
but during the forward stroke the ratchet slipped under the click, going forward without rotation. 

The /W.— The machine is held from advancing in the slide R by the friction-gripe Q. and from receding by the gripe P. The ends 
P' and Q' are secured to the cylinder in any suitable manner, and the ends P and Q bind on a rib S of the slide R When both are griping, 
the machine is held firmly in place. When the annular piece D advances so far as to strike the lever m, it will drive Q forward, where it Is 
held by friction, and when in this advanced position the cylinder is free to move forward in the slide R The steam now enters the for- 
ward end of the cylinder at n, and by pressing against the head F forces the cylinder forward at the same time that it drives the piston 
back, and the cylinder takes with it the gripe P which holds it in the advanced position. The machine would feed backward in the same 
way whenever the operator released the gripe P. It would feed forward when arilling vertically up, but it would not feed backward when 
drilling vertically down. It would feed uom the one hundredth of an inch to two inches at a stroke. It would operate in mid-air, and feed 
itself into position if the drill did not strike the rock. It would probably adapt itself to a greater \'ariety of circumstances than any other 
feed ever invented, but there are so many circumstances in which a screw is needed to enable the operator to manage the machine, that the 
inventors afterward not only abandoned this, but all automatic feed, and used a hand-feed. All the operating devices were detached from 
Uio piston, so that none of tnem received the shock due to the blow upon the rock. 

To prevent the piston from striking the heads, a poppet-valve o was placed in a passage connecting the steam-ports with the ends of tho 
cylinder, which would close automatically when the biston passed the ports, and by compressingthe air then in the cylinder, make an air- 
spring for stopping the piston. The forward head F was made in segments (see Patent r^o. 78,868). The rear head was made solid with 
tne cylinder. The machine was mounted so as to permit universal motion. (See ante p. S06 'or its early liistory.) 
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TABLE 21. {Continued:) 



Date and 

NUMBEB. 



MajT 5» 18C8. 
N<i. 77,687. 

June 9» 1868^ 
No. 78353. 

Jo)7 d8. 18W. 

No. 80,386. 

July 28, 1868. 
No. 80,406. 

Dec 1, 1868. 
No. 84,543. 

Dec. 1, 1868. 
No. 84,876. 

June 20, 1869. 
No. 91,912. 

Jan. 5, 1869. 
No. 85,597. 

Feb. 16, 1869. 
No. 86,988. 

Feb. 16,1869. 
No. 87,061. 

Aug. 24, 1869. 
No. 94,097. 

Jan. 10. 1870. 
No. 98,901. 

March 1, 1870. 
No. 100,252. 

June 7, 1870. 
No. 108,899. 

Aug. 9, 1870. 
No. 106,197. 

Dec. 20, 1870. 
No. 110,280. 

Feb. 28. 1871. 
No. 112,254. 

March 21, 1871 
No. 112,885. 

April 18. 1871, 
No. 113.850. 

April 25. 1871, 
No. 114.193. 

May 30, 1871. 
No. 115.478. 

Aug. 1. 1871. 
No. 117,678. 



Name op Invbntob and Brtef op Patent. 



F. B. DOBRINQ.— Improvement on patent No. 72,465. An auxiliary cyllndef Is used to 
diBtribute the steam to tlie small pistons. (See English Patent, June 7, 1867» No. 48.) 

De V. WOOD and 8. W. ROBINSOH-r— ImproTement hi the forward head. 

O. BURIiBZQEL— Chuck for holding; the drill, in which a tapered bolt passes through 
the chuck at right angles to the shank of the drill, and is drawn against the shank by means of 
a nut. 

W. HATiTi, JR. — Chuck in which the forward end is split or divided, and the two parts 
are forced against the shank by means of two bolts. 

R- GIDIiT.— Peculiar fioune for toasting in all directions^ 

a. PHUiUPS.— Reissued July 12, 1876, No. 7226. For drilling large holes vertically 
down. The cvlinder is encased in another cylinder through which it slides. In the reissue, it is 
claimed tliat tue heads are bolted to each other and not bdted to the cylinder.* 

JOHN OODT.— Submarine drilling apparatus. 

8. liBWIS. — Subaqueous rock-drilling machine. 

R. O. M. LOVBIilj.— Pendent rotating device in front of the cylinder. 

R. NUTTT. — Inner and outer steam-cylinders, peculiar rotating device at the forward end. 

J. P. FREZSIiL.— Automatic feed device, etc. 

De V. WOOD. — Air is driven against the piston of the drill-cylinder on the opposite rides 
alternately by means of another piston working in another cylinder.f 

A. BZaATOHLT. — ^ThlB patent has eleven claims for devices. 

8. IiBWIS. — Submarine drilling-apparatus. 

H. OSTBRKABCP.— A piston-valve. Rotation performed by a pawl operated by the 
piston.valve. English Patent, May 20, 1870, No. 1466. 

C. PBOK.— Feed-attachment. 

a INQBR80IaZj.^Reissued February 16, 1875, No. 6292. Tripod consists of two ordinanr 
legs and one forked one, the legs of the tripod having a telescopic adjustment. An automatic feed- 
ing device. (See No. 115,478.) 

A. B A Till. — Several devices. 

O. BURIiBIQEL — A pawl, to regulate the feed. 

O. 8. PATTZ80N. — Re-enforcing rods for fastening the forward head. 

SIMON INQBRSOIiIi. (Fig. 106.)— Reissued February 16, 1875. No. 6198. Internal 
Tappets, improvement on IngersoH's |iatent of February 28, 1871. (See foot-note, p. 264). 

Q. PHILUPS. — Spring fork, for preventing^a rebound of the Talve in the Burleigh drill of 
Patent No. 59,960. 



* The last device appears to be the nme as one osed by Fowle, see p. S06. 

t This was a device for avoiding direct action. A drill was made on this plan and operated in the Michigan and Illinois Canal. In 
180&-*7O. It performed its functions properly, bnt it was too complicated and co8t too mncn for power to drive it, and was abandoned after 
being u9od for a few weclcs. A similar patent was taken out in England by one Maneon. (See English List, 1874. No. 1603.) 

Now that we have referred to the avoiding of Fowle*s direct-action drill, we mav refer to American Patents Nos. 17.765, 17.700, and 
44,722 ; and more particularly to a drill involving the principle of the Hotchkiss air-cushioned hammer. Some forty machines of this latter 
kind were made by the Rand Powder Company, and several were used in the construction of the Midland R 11., about 1871. In this* 
machine, the feed and rotation were connected by pinion-wheels, so that when the piston-rod was rotated, it would cause an advance feed 
when iirfmimrT. It is a curious fact that the first patent for a powei^drill granted in Kngland was on this plan. (See Knglish Patent liiU 



ttOCK-DBILLa. 
TABLE 21. {Continued.) 



Namb of Investob a 



i> Bbisf or Patktt. 



P. SAVAOBr-^Iiuck. A Bpliutt ia tnrre^ ngainet the drill-slunk, by menai of one or 
iru bollE. 
J. OODT. — Frame for iiiounllDg drill, and devices for rotntlog drill and handreed. 

D« T. WOOD. — Yalve-gear iDToIvee a supplemenlarj rftlve, and all ia operated witliont 
aliock. Steam-cusbion at rear end. Feed m regalaled tliat tbe operator cannot advance faster 
ilian the cutting advances. Rotation and chuck the aame as in No. Tl,3^.f 

liori- 

O. B. NUTTINQ and J. O. OlTHiiHS.— Platon-val ve. Pawls ot rotating device held 
hj friction, bo that they may slip if necesaary. Improved chuck. 
J. DOTT, — Improved feeding device for the Burieifjh rock-drill. 



H, O. SBBGXIANT.— Imptovement in valve movement. Tappets in the steam-ports. 

I piston, for operatinr; (bi> valve and feeding^ 



lever Invenlcd. I( licovcrcil br eeverst palcnif. (See p»lcntinlbovc,NtM. IIMM, 
an followlne Is a deKiipCloD ot tbe machine a* Bbown In Fig. lOit. wUeb li a Imful- 




Fio. 106. 
INQERSOLL BOCK-DRILL. 



tmHnal BMllim : 1 bcln([ tha feed; >, eihanil; S. T«lve ; 4, ports ; 0, T»lve-«[ei 
Into Ihe pIBon, whlcb IhcrebT receives the toliry motion necnwKry; 0. tappet. In 
pawl md ntcbHrnuvcmcDtictinKon tlic rccd-Krevr 11. It will be obeencd. tt 
placed Inddc. Ihna being ptolecltd from sccldsnt by CErcicM workmen In Htai 

lnlin3.itwiulliemostcainpaclDt Uiohj (hen In the market, and Boon became a 
II haa malDlaiiKd ablgbatandlng Inpopnlar farartti ' 
HswoDetcoBit TuDDeL and Rave entiiii aatiiracUon. 
of clRouiataiKe* and In nearlr all civilized conntrle*. 

t The Wood drill la an Improvement on the Wood ARnblnKin patei 

In the fining ot IB73. ItlaBhownaaetpreaeiiLcoiwtnirled, ln«ecIlon. InFlg. 9G(<i 



an eight Ihrcad^crew flt 
'— ~» by the I — ■" 

Conceals 

iflni.d It 



n Itj use haa been 



appetii and val' 

R Ihc drill, as 1 _. . _ 

n. When Ihla drill nas fliM Inlmducedtn 

■ely SiSh^tonlt 



and wlde-eprcod, b< 
. The ant drill ariei 



•ved by tappet 
•valve. Inlh 



thetappetisMnickby aprnjectionoDlfiepbtan-md, wbicb produccsavlDleatehDck upon nil the parts eonnectcd » lib the valve. 
drill nW« an no timcit aiul no thoci. The movement la >a easy aa the cceentrtc on the ordinary Fteani-englnc. A pluK-llkc 
paacea Ihroogh Ibo cylltidrr, and Upreaaednpon lhcplston«by thcBteamln thcanull ateam<hc>t d. On Ihe piston a Igadope, 
at the ptiton<moveit forward, the plus A will be forced Into tbe cylinder a email amount. In practice lesa than lhttc«iiteenlhaof . 

and when the tdaton goea Ifflck, It will force the plugont ihct • ■-«■--■-- "- ■ . — — - .•.--'-.-..-•• .^- ^— 

there lanoaodden change, there n-ill be no ahock on It. This up- 
valve, Bleam tor alt) i» pcopi'rly ndmlilcd and exhanrted, eo as t 

adnuticd lo rhe main ejlimUT. Tliu BUpplcmenlary valve und( _... ,. — „ . „ _, 

that It mffen no i-licick. Tbcrc I :• aim no dead centre. The length of Ibeetrokemay be adjusted, when the drill laranDlnaatanyFpKd, 
by (Imply iiiming the pin 7*. »hic1i. br mcnnM of Ihe spiral Eroove ]un above d. netH ilie MipplenienlaTy valve In u new pa>4lloti. In thli 
way the atroko maybe mado to vary from halt on Inch lolhe full droke. AUhwiEh this device oppeora lo be compllcatol, i( haa Ibo 
advonl^' of rc(|uiring bat llttlo repatrs. as wi^ll as the other advantacea -' ^ ■'•■ • -'■'—■■ >- — <-•— -'-•-•. • ■ - 



_.. _.._ _ .... abandfccd,forIhei_ . 

a irregular witnoniBioppuig the opcmtion of the machine. 
ie ntnilun-nnt a Is connKinl wiih n ppiml 1>ar b. and the whole lUnts In the cylinder. The i 
leka which act upon the talchec are Imiwdded in the bead: the large end of one la seen at I. Tht 
of a trunnion i-. so aa to admit of a unlvopial motion, and at the name ilmc pcrmlc the machine 
a, by alipplng the imnnion k partly out of the clamp. 



a bearing / at the rear end. 
ne 1: secured lo the clamp by 
[novHl bodily away from Iha 



AMERICAN PATENT8. 
TABLE 21. {Continiied.) 



E OF iNVKSTon AND Brikp op Patkwt. 



. JR.— Chuck. Solid liead. in wliicli ero Ulfbozra; said boxes beln^ 
fORed ag&lDBt tliL' alianb ot tUe tool b; roeKos of wedj^-shaped bolts. 
D. MINTHORN.— Dies for forming drill-Lits. 

& INOBRSOIJi.— Improvement on patent No. 112,254. Feeding derJM. 

B. IKaSBSOU:., a. B. OniXINaWORTH, H. a SBROBANT, and a. r. bl- 
t^OfTS. — Cam-eliaped (appels, and rubber buSer iii froot f nd. 
B. S. WINOHESTBR.— Flutea cut on face of i 



Dec. le. 1873, 
No. 143,519. 
Feb. 10, 1874. 
No. 147,402. 



D tbtkt a jet of eteam will causa 

t. ' R. BSTIWN, J. B, DAVIDSON, uid T. A. WARRINOTOH.— See Engrllsb patent, Jane 
3, 1878, No. lUlPI. iJBinu pnrties bave niso two Englidli pntenta In 1872. 



J. B. WARINQ.— Tripod. Iteur leg in two pieces, and ci 
O. S. FATTISON.— A double uat, to take up lost luotio 



I be BcljuBleJ laterally, 
due to tbe wear of Ihe a 






B. B. WIN0HB8TBR.— The feed-screw ia connected with tlic sliatt, for producing 
rotation b; niBana oT pinion-wlieela ; ao that, db tbe feed-screiv ia turowl by'lbo operator, tbe 
piston and tool are nlao tiirneil. Knbber cuabiona placed batneen tlie screw an. I cf Under. Rotary 
valve ivlih stem pendent betweoii the ends of a double-headed piston,* 

J. a. GITHEIHS. — A V-absped disc nttacbed lo the apiral md for rotating, and a V-sbapeJ 
ring on £ pistoa, fitting into the diac, and steam pasMgn for forcing tbe piston and ring li^^ber 
and apart. 

J. HANRAHAH.— Cruaa-bit, bnvin;; two bits uneqa&lly beveled, to as to produce rotation. 

I botK 



Jan. 26, 1875. 
No. 159,242. 
Feb. 2, 1875. 
No. 159,471. 
Feb. 16, 1875, 
No. 159383. 
April 0, 1875. 
No. 161,610. 



clamp so made tbnt the drill-slide and clamps ■ 
faeiencd by means of one bolt and nat. 

B. B. WIMOHB8TBR. — Rubber cuabiona placed in tbe beads of the cylinder. 

W. F. TAUJOAN ud 3. H. HANHBTILLB.— Tripod with ball and eooket Jidnls. 

H. P. BBUk— A dritl-bU lo wbicb tbe edges are atraiglit, and tlie cheeks are twisted so 
8 lo produce an automatic rotation. 

H. W. HORTON.— Chuck. One aide npeni ou a binge for receiving the drill-shank. 



No. 



O. B. NUTHHa and J. O. OITHBNS.— Valve moved by a tbree-armed rocking lever. 

W. W. OOODWIN. — Drill-bit consiaiB of an ordinary blade and two trimmers or cbii 
placed latcmlly tn tlic Tormer. 
pril 20, 1875. G. E. NtrTTINO aad J. O. OITHENB.— Tripoil for supioniug a drill. 

■ 162,803. 

Tto teed-tcrjw Is connected Kith Ihe rotalkm-b»r by plnion-whMlJ, aa In Iho H 



Drill. 9e« toot^Kila lo No. tifm. 




Fio. 107. 
THE HAND ROCK-DKILL. 

The Band drill, ot which Hi. IDT li a Bectlonal ^lcw. ii a comblnatlna of levcnl patent!. (Se« IToi. 1(S,Sm. 101990, 1U.99 



BOCK-DBILLB. 
TABLE 31. {(kmtinued.) 



EL H. RETNOIiDS.— Tlie feed-wraw is Mntnlljr beliliid tlie piston, hni is atUcfaed to 
the ciid of the rotating b«r, wliicb prajectB throufrh tlie rear head and into the piatoD, ma that 
— henovor the screw is turned tlie tool will be rotated. 



a. H. RIITHOZA3 andW. TBFT.— Cliack. It has a conical eurCace ontaide of a 
slit chuck, and a ring la dtireo dowo on the cone to force the parte of the chuck Inward upon 
the aliank of the drill. 



Name of iNTKRTOit and Bkikp of Patkkt. 



D. KBNNBDT.— Valve operated bj Internal Uppela. 



T. B- HANDBVXLLZI.— Tripod improTement on Patent No. 1119,471. Comblnadoa of 
ball and socket with rotating shaft. 

Q. B. RBTNOLDS. — Friclional rotation. 

a. H. RBTNOLDS.— Tripod. Double joinla on the legs. 

a. H. RIlTNOU>B.— Tripod. 

J. O. QITHBN8.— Improved ehield or guide. 

J. O. OnHBNB.— Chuck. Drill la held by a gib, which U preased agalntt the piston-rod by 
a U-shaped bolt. 

B. B. WZKOHBSTBR.— Reiavued Augnst 34, 1875, No. 6620. IioproTement on his Talre 
device, t 



Jane 15, 1875. 
No. 164.S&4. 
June 15. 1875. 
No. 1H899. 
Jane IS, 187S. 
No. 164,396. 
June 39, 1875. 
No. 181,990. 
June 39. 1875. 
No. 164,991. 
July IS, 1875. 
No. 165,646. 



166,1173, etc.) The larer for operailog tie VI 

piJstOD r«dpn>catee, and Ihe arm of tbe Jever 
kfjed Into p! — ■'^' -.s*-,[*„ 
\umz, and thr 
Mew York. 

' Tbe Brat macblne on Ihla plsu Is uld 
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Name of Inventor and Brief of Patent. 



Aaff. 8, 1875. 
No. 166.273. 

Aug. 31. 1875. 
No. 167.324, 

Sept. 14, 1875. 
No. 167.659. 

Oct. 19, 1875. 
No. 168,988. 

Oct. 26. 1875. 
No. 169,121. 

Nov. 2, 1875. 
No. 169,389. 

Jan. 18. 1876. 
No. 172,529. 

Mar. 14, 1876. 
No. 174,768. 

Mar. 7. 1876. 
No. 174,352. 

April 11, 1876. 
No. 175,931. 

May 30, 1876. 
No. 178,214. 

Jnly 4. 1876. 
No. 179,561. 

July 11, 1876. 
No. 179,818. 

Aug. 8, 1876. 
No. 180,730. 

Aug. 22, 1876. 
No. 181,386. 

Aug. 29, 1876. 
No. 181,576. 

March 27, 1877. 
No. 188,734. 



J. O. QITHBN8. — A buffer is placed between tlie rear bead and a plate back of it, which 
plate is fastened by long l)oIt8 or rods passing to the forward end of the cylinder. 

O. FBRROUX.>-F<>rt*i^n inventor. Advance feed is automatic, and is forced by air in 
another cylinder. Valve nnd rotation operated by oscillatinir engine. It is a combination of the 
Sommeiller and Lowe dri Is. (See English Patent No. 680, 1874.) 

J. O. QITHENS.— Tiipod in which the cross-bar may be rai:ted and lowered. 

H. THOMAS. — DrilUchuck in which a split chuck is drawn together by a single boU. 

Q. B. SBDDON and W. McFAXTIfa — Improvement in the rear head of the cylinder and the 
feed-nut combined. 

J. R WARINQ.— Tripod which has no forked leg, and the parts have conical bear- 
ings, etc. 

J. B. WARINQ.— Drill-bit. 

J. BRANDON.— Valye device. 

L. W. OOB. — ^Tripod in which the side-legs have two motions perpendicular to each other. 
Reissued April 25, 1876, No. 7079. 

Ifc W. OOB. — Device for operating an oscillating valve, combining the valve and rotation. 

J. R WARINQ. — Drill-chuck fastened to the rod by a ring and split at forward end. 
Automatic feed. Used at Perkiomen Tunnel. Pennsylvania. 

8. INQBRSOIaZi.— An enlargement between the ends of the plston-lieads operates the 
valve. Bushings are put into each end of the cylinder. 

a. H. BBTNOLDS.— Feeding device. 

ROB A TAIaLBIAN. — Chuck is screwed on to piston, and a ring which is "forced forward 
by the momentum of the blow forces the slotted end inward, holding the drill. 

Bk S. WINOHB8TBR. — The valve is placed in tbe cylinder, and operates by momentum 
when Ihe tool strikes. 

A. BBRRINQ. — Cylinder reciprocates and carries the toril. The piston-rod is hollow for ad- 
mitting steam through it, and has a screw thread cut on the outside for feeding. 

THOMAS B. FORD. — ^The piston-rod is provided with zigzag grooves, in which spring 
pawls work to give the piston a rotary movement on tbe down-stroke. The piston is provided with 
similar grooves, which serve as spring passages to make connection between a steam port in tbe 
centre of the cylinder and passages in the walls of the cylinder whicli lead to the ends. The ex- 
haust takes place througli similar passages on the opposite side of the cylinder. 

JOS. O. aiTHBNS, New York Cit^.- Instead of having large steam chest on ontdde of 
cylinder, which would orevent the drill bcin^ used close to the top of the cutting, there is a sleeve 
provided with curved slots, n lengthwise cavity, and straight lengthwise slots, in combination with 
the cylinder, piston, r.nd steam inlet-tappets, to adapt it w serve as a valve. The middle piston is 
made srnallor. and surrounded with a sleeve ; the space between the middle part of the sleeve 
servin;? a> a steam chest. The steam is let in through guide-pins screwed into tiie opposite side of 
the cvlinder, their inner ends projecting so as to enter curved slots in the sides of tne sleeve, by 
whicn the sleeve is turned. 

O. SWAN, Trenton, N. J.. Assignor to the J. A. ROBBLINQ'S SONS A CO.— Machinery 
for drilling oil and artesian wells. A drum, wire rope, automatic feed device as substituted for the 
walking-beam, hemp rope, and short male and female hand-serew. Drum turns on its shaft, and 
is given either a vibratorv or a rotary motion at wUl. The rope is turned around by hand. There 
\& bat one loop between the drum and the drill, except that over the derrick-pulley. 

der, and the porta on the opposite aide, the valve will always be kept tight on its scat. Motion Is imparted to it by means of a doable 
lever or tappet (B). which enters Into a recess tnmed into tne central part of the piston. This lever is made of spring steel, and saf- 
llciently Iii;nt to lUlow for a considerable amount or yie'dins when the pl«ton PtriUes it, the two leavi-s comluc Into successive aclion. 
Thus the destructive shock rcsultinf; fh)m the violent contact with the piston is reduced to a in'adaal cashioiun* which is claimed to 
trrcatly enhance the durability of both the valve and tappet. The regnlatlon of thn flow of atcam is the same as in other rolllniir valves 
for steam-cnzinrs, and requires no special explanation. The valve is held from fliding sideways by bonnets, that at the same time re- 
ceive the central Jonrnalci cast on the valve. One of these Journals passes through the cover and carries at its cud a small hand-wheel, 
which serves to move the valve from the outside, when the movement of the piston leaves it in i's ct>ntral position, covering both steam 
ports, and causing a stopping of the drill. The rotaiio.i of the drill '■ effected by a twisted iron bar 11, the details of which, alao tbe 
maaner of feeding, etc., are manifest fh>m the cut 



March 6, 1877. 
No. 188,045. 



March 13, 1877. 
ITo. 188,316. 
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March 27, 1877. 
No. 188,784. 



April 24, 1877. 
No. 189853. 



Name of Inyehtor Ain> Brief of Patef^ 



May 1, 1877. 
No. 190,332. 



May 1, 1877. 
No. 190,282. 



May 15, 1877. 
No. 190,699. 



May 15, 1877. 
No. 190,871. 



TH08. B. FORD, Newburffh, N. T.— Bock drilling machine. Piston is provided with a 
series of spiral passages, and whue receiving rotarv motion receives steam for the whole stroke. 
Piston.roa has spiral and straight grooves, and pawls, by which it rotates the piston. Feed-screw 
and nut project m the hollow piston. Part of the nut projects through the cylinder head, and is 
cut by two or more slots, and turned tapering at the upper end, over which a nut is fitted to press 
the parts of the split nut together, and get friction upon the feed-scrow. 

THOS. B. FORD, Newburgh, N. Y. —Tripod for rock-drills. There is a vertical bar upon 
which the drill may be attached, and move in any direction. Upon this there are lengthwise unaer- 
cut grooves, conveiging toward their upper ends, in which adiustable arms are held by concave 
washers and screws, bteady weights are readily movable on the arms. The points upon which 
the tripod stands are bars, pointS at their lower ends, flattened and tapered toward tneir upper 
ends, and adjustable in and through slots in the weights. 

A. J. BSBRSHON, Warsaw, Ind. — Rock-drilling machine. Cam disc has an arc-shaped slot 
in the end of which is journaled a concave roller, with an arm placed loosely on upon the arill-rod 
and extending through the slot of the disc, so as to bo engaged by the concave roller as the disc is 
revolved. 



May 16, 1877. 
No. 193,328. 

May 29, 1877. 
No. 191,307. 



June 19, 1877. 
No. 192,068. 



July 8, 1877. 
No. 192,788. 



. JOHN, Pittston, Pa. — Drill-bit. Consists of a flat blate of uniform width, and having 
flanges at both edges and on both sides. The end of the blade extends beyond the terminations of 
the flanges, and the lower edge is curved inward, and the lower and side ed^es are sharpened. 
Each flange-edge is bent outward at the lower end to form a curved lip, which is rounded and 
sharpened at the edge. The projectinc^ portion of the blade cuts the coal with its end and sido 
edges, and the edges of the lips ream tne opening. 

R. AIiLXSON, Port Carbon, Pa. — Rock-drilling engine. Two connected pistons with hollow 
connecting stem. In and around this stem is a recess with inclined ends, alternately operating 
two blocks with inclined ends, which pass into the steam-cheot and abut against projections upon 
the valve, which is oscillating and is operated by the blocks. The feed-screw is operated by the 
same inclines upon the piston-stem, a suitable opening being cut through the cylinder-bottom, 
with a spring sliding-block fitted therein. If the reck bo very nard, the piston may make several 
strokes without feemng. 

O. B. EZSBIjBY and J. FTiKMTNQ, Spring City, Pa., Assignors to themselves and B. S. 
SHAN'nS, Philadelphia. — Rock-drilling machine. Improvement upon No. 142.824, Sept. 16, 1873. 
Combination of the upper portion of a standard, and tne .drill-carr}'ing portion pivoted to this, to 
allow of the drill being adjusted vertically, and the lower portion of the standard pivoted to the 
upper portion, so that the drill may be adjusted laterally. There is a central screw to the upper 
portion, to thrust against the tunnel roof. 

. Q. F. GLASS, Allegheny, Pa. — Rock-drilling hole-cleaners. There is a cylindric metallio 
can with a disc-valve across its entire area near the bottom, and operated b^^the handle of the can. 

W. R. BURT, East Saginaw, Mich.— Expanding rock-drill. Hinged wedge-shaped expand- 
ing arms with interior guide-^^rooves, and a vertically-sliding wedge-piece guided therein, and an 
operating screw-shaft turning m the head of the arms and in the weage-piece. When closed, the 
arms form a cylindrical tool. 

A. A. QOXTBBRT, New York City, and N. W. PRATT, Brooklyn. N. Y.— Rock-drilL 
Truncate piston with tappets reciprocating therein. Live steam is let in to the upper and smaller 
end of the piston during the whole workmg-strokc, and at the end of the working-stroke com- 
munication is opened between the opposite end» of the cylinder, admittin|;^ the steam which has 
caused the working-stroke to the lower and larger area of the piston. Reciprocating valve, with 
stem having four collars ; reciprocating tappet, double-acting spring-stop. Two of the collars 
receive and give to the valve-stem the motion of the tappet, and the other two the thrust of the 
spring-stop, so that if valve overruns it will follow back the tappet en the reverse stroke, and 
return to one of its two normal positions, with the ports wide open. Outer end of the piston 
secured to a cross head, the projecting portion of which forms a nut engaging the male thread upon 
the upper portion of the tool-stock. Lower end of the nut is fastened to a tube aVording a beanng 
for the carrier-bar, and reciprocates with the nut. From the end projects a tappet perforated to 
receive the valve-stem. On the side opposite to the tappet an arm projects from the cross head, 
and is perforated to receive the rock-snaft. This arm is formed into two spiral wedges upon 
opposite sides of the rock-shaft, and inclined in opposite directions. These wedges reciprocate 
with the drill-bar, and work upon a shell cam fastened to the rock-shaft. From the rock-shaft the 
feed is given, proportionately to the depth of the last blow. There aro two feed-tappets, one ^ving 
quick movement during the latter part of every working-stroke, and the other a slower motion in 
tne opposite direction, to faed the stock more or less, according to the depth of the last cut. 

. N. PBNRIOB, Hatfield, England.— Rock-boring and tunneling machine, and system of 
tunneling. A ram armed with reciprocating chisels is used to cut an annular 
groove, and the core removed. The ram-cylinder has a diameter nearly equal to 
that of the annular groove ; and the upper part and sides of the bore are enlarged 
in advance of the cylinder, by holes formed by three or more non-turning arms 
fixed to the ram behind the cutting head. The cutting-pieces on these arms are 
preferably of the shape of a cross with a ring around it. Final shape of bore as shown. 



^■■■1^ ^^t^^^ 
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Aug. 21, 1877. 
No. 194,419. 



Aug. 24, 1877. 
No. 8218. 

Oct 30, 1877. 
No. 196,574. 

Nov. 6, 1877. 
No. 196,788. 

Not. 13, 1877. 
No. 197,075. 



Not. 80, 1877. 
No. 197,080. 

Dec. 25, 1877. 
No. 198,086. 



Dea 25, 1877. 
No. 198,625. 

Deo. 25, 1877. 
No. 198,486. 



Jan. 22, 1878. 
No. 199,889. 



Feb. 5, 1878. 
No. 200,024. 



Feb. 20, 187a 
No. 205,105. 

F^b. 26, 1878. 
No. 200,690. 



Name of Intentor and Brief of Patent. 



W. W. DUNN, San Francisco, Cal. — Machine for drillinff rocks. — Slide-TalTemoTesatriffht 
angles to the pi8tx)n axis, and is thrown by a rock-shaft worked bT a piston, and arms above the 
CTJinder. This rock-shaft has another arm forking through the exhaust port, and projecting into 
tne cavity of the slide-valve. Those two arms arc acted upon bv a conical protuoerance on the 
piston-rod. The feed-screw is at the bottom of the cylinder, ana the feed-nut is attached to the 
frame on which the cylinder slides. Parallel with the piston-rod there is a rock-shaft having an 
arm actuated by the side of the piston-rod boss. By ratchets the feed is ^ven through the spiral 
rod. The cylinder has the throttle-valve closed by a lever when the drill has been fed all the 
way out. 

QBO. WARSOP and HENRY WAIiBXIR HUX.— Drill stand. Broad V or concave foot 
at the base of the stand, and two pairs of cheeks in which are held two claws. 

THOS. N. OAINES, Au Sable Forks, N. Y.— Rock-drills. The cam-shaft groove actuating 
the slide-valve is formed of two separate pieces of metal, so that they may be made of hardenea 
steel without breaking in hardening. 

URIAH OUMBfflNQSi Buffalo, N. Y.— Hand rock-driUs. There are liftin&dogs applied 
to a lever, with tripping device on a clutch head ; with ratchet teeth on its upper end. 

J. A. ALBRIQHT, Fayettcvillc, Tenn. — Expansion rock-drills. There are lateral cutting- 
blades in combination with a spring-seated end-piece, so as to bo projected laterally from the drill* 
stock by the impact of the end-piece, and withdrawn when the dnil is drawn back, thus enlarging 
the hole laterally. 

M. W. •BAHfln and H. W. MOORS, Olean, N. Y.— Drill cable measure. Grooved operat- 
ing^>wheel, with its face graduated and provided with serrations in combination with a long shaft 
aim suitable worm-wheel and counting-devices. 

FRBSOOTT B. BX70EBIINSTZ1R, Belleville, Nov.— Chuck for rock-drilling machine. 
Chuck is formed of a cylinder having one portion separated bv a cut extending from near the 

Siston-rod end, curving inward and toward the drill end until the cut extending across the full 
iameter reaches a point tangent with the axis of the bar ; then still across it's full diameter to a 
point near the end of the chuck; then around the circumference, just half around; this cut being 
met by a circular cut, a parting being made by a diametrical cut. This cannot very well be 
described without reference to the drawing, although it is a very simple cut. 

FRANKLIN EZSBNAN, Brownsville, N. Y.— Portable rock-drill machine. The machine is 
mounted upon wheels, the drill-cord is supported by a swinging and removable mast ; the drill 
is advanced or retract^ by a bell-crank lever having an elastic bumper. 

P. 8. BX70KBSXNSTBR, Belleville, Nev. — Chuck for rock-drilUng machine. The chuck is 
formed of two pieces screwed and keyed upon the piston-rod. It is separated by a cut extending 

in quadrant from the circumference to the axis, along the axis, and then at right angles to the axis. 

% 

8. WINOHBSTBR, Boston, Mass. — Bock-drill, downward. Improvement upon his patent 
No. 181,886, Aug. 22, 1876. Cylinder case has an exterior male screw to cause feed; it rotating in 
the female thr^ed screw-case of the stand. There is a friction or spring guide-stem for the 
valve; and wooden blocks as buffers to the valve. The inlet-ports are in the cylinder head, and 
there is a hollow or grooved annular collar permitting the cylinder to be turned without interfering 
with the steam supjHy. 

A. BRANDT, Ebensee, Austria. — Hydraulic rock-boring machine.* Abutment for the 
machine is formed by a hydraulic cylinder and piston forced between the sides of the rock chamber. 
There are two hydraulic engines, one each side of the apparatus. These engines rotete the cylinder 
and tool, and by means of a worm and worm-wheel, the feed is hydraulic. 

BDWARD E. 8WBBT, Olean, N. Y.— Bi^ for digging oil and other wells. There is a clutch 
by which the bull-wheel may be driven or not, without throwing the tug-rope on or off. 

OHARZaBS BURIjBIQH. — The outer sides of the so-called compartments of the valve-rod 
are done away with, and the air or steam admitted into the passage, where the valve-moving lever 
will act at once upon the head of the valve-rod and move it m advance of the lever after the lever 
starts the valve, so as to permit free steam to meet that end of the lever. 

Instead of the stem of the valve-rod extending outeide the cylinder through a stuffing-box, in 
which case one end of the rod is subjected to atmospheric changes (as in patent 162,628), the valve- 
rod is entirely within the casing, and ite surfaces at its ends, against which the steam works, are 
equal; and the end of the valve-rod instead of ^ing into the air through a stuffing-box, is done 
away with, with the intention of reducing the weight of the valverod and its friction, and lessen- 
ing the power it takes to operate it. Besides this, both ends of the valve-rod are always of the 
same diameter, and the valve-rod not liable to be broken or bent by an accidental blow. 



* See foot-note on Brandt drill, with cots, p. MS. 



270 



ROCK-DRILLS. 



TABLE 21. {CorUinued.) 



Date and 
Number. 



March 19, 1878. 
No. 201,56a. 



April 2, 1878. 
No. 202,060. 



April 16, 18:8. 
No. 202,838. 



April 16, 1878. 
No. 202,872. 



April 16, 1878. 
No. 202,415. 

Maj 28, 1878. 
No. 204,148. 



June 18, 1878. 
No. 202,028. 

June 2, 1878. 
No. 202,060. 

June 18, 1878. 
No. 204,990. 

July 9, 1878. 
No. 205,901. 

July 16, 1878. 
No. 205,998. 



June 27, 1878. 
No. 206,067. 

July 28, 1878. 
No. 206,820. 

July 24, 1878. 
No. 208,448. 



Name of Imyentor and Brief of Patent. 



Aug. 20, 1878. 



Instead of the hand-rod to move the Talye-rod passing through a hole in the extended valve- 
rod, there is a finger on a shaft or pin entering a slot in the back of the valve. 

« 

JUUaS H. STRZSDDINaER, N. Y., JA8. R. F. KEIXY, Brooklyn, and HZSIXE8 
EARROW, Greenpoint, N. Y. ^Apparatus for subaqueous drilling, laying foundations, etc. 
Frame or staging with sliding le^, to support the mechanism, and an independent scow to support 
the frame when the struts are raised. 

In H. O. SARGSNT'S patent the tripod has two fixed legs, which are fastened to the cross- 
head, and one adjustable leg pivoted to the cross-head, there being an adjustable rod to regulate 
the spread of the loose leg. The cylinder is slid along the guide-rods, passing through the Cj^inder 
flanges. The valve is cylindrical, and slides upon a central bolt. The steam-chest has seven 
ports, of which three are the ordinary steam and exhaust port^ of the main cylinder, and the 
others, ports connecting with the central encircling chamber of the piston. The valve is moved 
without tappets, racy arms, or any other mechanical connection with tne piston. 

W. H. BLLIOT, N. Y.— Rock^rill. See patent of May 29. 1877. To prevent injury to the 
piston and cylinder by a cleansing of the drill-tool, there are elliptical springs within the lower 
ends of the vertical shaft, and between it and the shank of the rock-dnll, serving as a flexible 
guide-way. To prevent the drill from raising by recoil, there are within the vertical shaft and 
upon the end of tne shank, a wedge and a weight, which follow down and rest upon the shank, and 
if there be tendency to recoil, wedge the shaft tight. Feed is by an auxiliary cylinder and piston. 

JOHN PRIOB IiBAVrrr, Assizor to AMDRSW M. PRIOB and JAMBS O. PRIOB. 

Carroll Co., Ohio.— Coal-drilling machine. Machine is gently pressed to its work by a lever and 
spring. 

THOSffAS OUMBAINGS, Hackensack, N. J.— Platform for submarine rock-drill. A float- 
ing frame work, with vertical tubes having lugs or spuds passing through these tubes. 

J. B. BZXIOTE and QILBERT R. BLIJOTB, New Brunswick, Can. — Well-drilling 
apparatus. Vertical steam-cylinder with hollow piston-rod ; automatic lifting and feed-cylinder, 
with its piston and piston-rod working in this hoDow rod. Drills attached to the smaller piston- 
rod may De suspended upon a column of water in the automatic feed-cylinder. This feed cylinder 
has passages connecting with the lower end of a pipe, the upper end of which has two pas8a^[es, 
one controlled by a feed-valve, and the other by a vaive. The feed-valve is closed by a spiral sprmg 
and by weights. 

JNO. QRUBS, Lickingville, Pa.— Oil drill-bits. The circular drill has two side-flutes, and 
the cutting-edge is concave. 

H. O. SBROBANT, New York City, N. Y.— Bock-drills. 
8TBPHBN MORBT, Syracuse, N. Y.— Hand drill. 

OHA& D. PIBROB, Philadelphia, Pa— Hand rock-drills. The drill-rod is raised by a bar 
in the semi-circular slot in the driving-wheel, and the blow given by the compression of the spring. 

SAB^Ii. G. BRTER, Saugus, Mass.— Bock-drill. There are two annular grooves in the 
cylinder, connected by a steam passage opening into one groove near the inlet-port. The piston is 
in three parts, separated bv two annular grooves, and there is a shallow annular groove in the 
middle part of the piston. In this last passage there is loose a self-acting valve. Upper part of 
the piston-head is notched, aud the piston is rotated by a pawl. 

ROBT. AIiUSON, Port Carbon, Pa. — Feed-screws and nuts for rock-drills. Lost motion is 
taken up by an adjustable sleeve-nut, held in place by a screw bearing upon the adjustable nut. 

GBO. W. HATDBN, Worcester, Mass. — Drill-chuck. (Burleigh; machine tools.) 

BDWARD 8. WINOHB8TBR, South Boston, Mass.— Bock-drill. Slide valve is moved in 
one direction by the positive action of the piston through an extension of the stem, and is held 
by a detent when forced back against the pressure of the steam, and is released by the action of tho 
piston-head. To prevent accumulation of water in the cylinder, the lower port is extended directly 
outward, and the upper port extended down below the mouth of the lower port, so that the water 
can flow freely from ooth ends of the cylinder. 

JOHN JUIjIEN, Dubuque, Iowa.— Expanding rotating rock-drill. The drill-rod is tubular; 



No. 907,122. a screw-rod passes down through it and throws out a latch containing the cutters. 
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Aug. 20, 1878. 
No. 207,162. 



Sept. 10, 1878. 
No. 207,886. 



Not. 26, 1878. 
No. 210,189. 

Dec. 17, 1878. 
No. 211,022. 



Feb. 25, 1870. 
No. 212,508. 



Match 25, 1 879. 
No. 218,668. 



April 22, 1879. 
No. -214, 704. 



May 6, 1879. 
No. 215,101. 



May 6, 1879. 
No. 215,152. 



May 20, 1879. 
No. 215,622. 



Name of Inteittob and Bbief of Patent. 



SABCZi. G. BRYER, Saugus, Mass. — Bock-drill. Piston has a broad, anntdar groove aboat 
its central pari;, with its upper edse beveled; annular grooves midway between the piston ends and 
the broad eroove; these grooves havins^ suitable corresponding parts in the cylinder. The feed- 
ratchet is driven by a pawl, which is thrown bv means of a pin projecting into the cylinder at 
right angles to its axis, and pr^ed out by the beveled edge oi the piston groove, being returned 
by a spiral spring. 

AARON J. BffBRSHON, Warsaw, Ind, — Hand rock-drilling machine. Improvement upon 
No. 190,282. To the sills of the frame supporting the working parts, at a point between the oisc- 
wheel and the drill-shaft, is an upright guide-plate, one edge of which is curved in the form of the 
arc of a circle, very nearly corresponding with that described by the slot in the disc-wheel This 
prevents the arm from flying out of the slot. The lifting arm has an eye which bears under the 
portion of a second arm, causing this last to rise with the drill-shaft, compress one spring and 
expand another. 



OUMMINQS, Buffalo, N. Y. — Hand rock-drilL Spring is compressed by two hand- 
levers geared together so as to move in opposite directions, and carrying pawls which alternately 
lift the driU. 

TH08. R JORDAN and TH08. R. JORDAN, London, England. — Bock-drill. Improve- 
ment upon No. 201,017. To let a small additional charge of air into the cylinder at each down- 
stroke, the lower portion of the piston-rod is enlare^ to form a trunk nearly of the diameter of 
the piston, this tnink passing through a leathet couar turned upward. A number of grooves are 
cut in the gland to let air in during the up^stroke. To prevent the air-pressure from overcoming 
the power of the man at the handles, there is an escape valve. The packing in the upper end ol 
the cylinder is a metal ring of a semi-circular section, covered with a leather rine. There ore 
holes in this metal ring through which the air passes and forces out the leather. Tne rotation is 
adjustable by changing cogged collars. 

GBO. M. GITHBNS, Brooklyn, N. Y. — Friction rock-driU. The ends of the valves project 
alternately into a live steam chest, within the body of the central part of the cylinder, and in the 
pathway of the piston, so that the vidve is moved by the piston airect. The valve slides endwise 
in the arc of a circle, and is actuated by inclines upon the piston. 

J. R JOHNSON. — Bock-drilL The working cylinder travels in a steam-tight casing, with a 
stufflng-box and an induction-port in the lower nead, and outward-opening valve in upper head. 
Workmff cylinder is fed along in this casing without screw gear, at end of travel closing mduction 
port ana stopping; and being withdrawn with the drill by single action of the steam. Drill 
rotates b^ groove inside hollow piston-rod, in which spiral projection in the head works. Working 
cylinder is kept from rotating in the casing by a friction-nng. Dash pot formed by upper end <n 
working cvlinder and upper head of casing. Steam enters lower casing head, passes between 
casing ana workinp^ cylinaer, and pressing uie upper head of the working cylinder, except when 
bushing in pbton is removed from central exhaust pin. Steam from above the piston is exhausted 
at the front end of the hollow piston-rod, the drill rotating during the up-stroke. The exhaust pin 
entering the bush at the top of the rod, cuts off exhaust and causes compression, which continues 
until the projection on the lower part of piston-head raises valve and lets live steam above the 

Siston. To withdraw the drill from the hole, the valve in the imper head of the casine; is opened, 
lius destroying the balance and causing working cylinder to be raised. Working cylinder slides 
in an outer oasmg under the action of the motive pressure. Opening valv^e in the upper head of 
casing causes steam to withdraw working cylinder. Exhaust is through piston-rod, and closed by 



central exhaust pin. Steam port is closed by elastic ring operated by piston and projection on 
piston-rod. 

HENRY RIOHBffANN.San Francisco, Cal. — High-speed rock-drilling apparatus. Cylinder 
revolves in the case to rotate the drill. Controlling valve is in the piston, and moves in the same 
direction as the piston. Taper screw claimed for holding the drill-rod. 



OUBIMINQS, Buffalo, N. Y. — ^Hand rock-drills. Between the actuating lever 
and the clutch head thei^? is an auxiliu^ lever to which the spring power is applied, thus relieving 
the rotating g^r from the pressure of the spring. The driil-frame is joumaled in a stationary 
frame, so that it can be usea at any inclination. 



THOaCAS MUKFUy, New York City.— Sliding valves for rock-drills. The valve is shifted 
by the piston before it has completed its stroke, to shut off steam in rear of the piston, and admit 
it in front; to cushion the piston upon live steam, and make its return movement a continuation of 
its rebound. 

JA8. B. HUGHES, Bamhart's Mills, Pa., Assignor to himself and MIOHAEXi O'BRIBN. 
same place. — ^Drill jar. Jar is composed of two links, rounded upon their lower sides, and couplea 
like the links of a cable chain, but made elongated and rounded on their exterior faces to conjform 
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Date and 
Number. 



June 10, 1879. 
No. 216,437. 



Aug. 4, 1879. 
No. 228,529. 



Aug. 19, 1879. 
No. 22,88a 

Sept. 2, 1879. 
No. 219,183. 



Nov. 11, 1879. 
No. 221,646. 

Dec. 28, 1879. 
No. 222,972. 

Dec. 15, 1879. 
No. 224,412. 



Jan. 18, 1880. 
No. 223,474. 



Feb. 10, 1880. 
No. 224,412. 



Feb. 10, 1880. 
No. 9,072. 
Reissue. 



Feb. 17, 1880. 
No. 224,558. 

March 2, 1880. 
No. 225,161. 



Maich 4, 1880. 
No. 228,418. 



March 12, 1880. 
No. 229,074. 



Name of Iityemtob akd Brief of Patent. 



to the small diameter and circular character of the hole in which thcj reciprocate. ' Tho end of the 
bar is made rounding in cross section to form a cjlindiical chamber and give as large a striking 
surface as possible. 

T. B. MORPETH, Plains, Pa.— Hand rock and coal-drilling machine. The drilling machine 
is swiveied in a hole in the end of the bar which is inserted into the face of the coal or rock, and 
wedged fast. 

HARRIS MORSE, Columbia, Gal. — Diamond boring rock-drill machine. Improvement 
upon Leschot, July 14, 1868, and Severance, Oct. 26, 1869. Drill is driven and fed by hydraulic 
pressure. Tube through which the tubular drill-shaft nasses, goes through tho cylinder. Drill is 
driven by the water upon a wheel in the cylinder-case oack of the main cvlinder. Drill is fed by 
rods extending from a voke upon its cross-head to an annular piston in tne water-casing around 
the drill-shaft case in the main cylinder. 

JOHN GRET CRANSTON, Newcastle upon Tyne, England.— Percussion rock-drill. The 
tool may be thrown in or out of rotation by means of a hand-wheel and clutch operating the 
rotating mechanism. 

THOS. J. WTTiTJAMSON, Carson City, Nev.— Drill sharpeners. Hinged iron' blocks con- 
tain three pairs of steel dies of graduated size, so that tho drills may be swed^d gradually to shape 
and size. 

E. J. WnjiTAMS, St. Louis, Mo., assignor of one half to Xi. A. PRATT, same place. — Bock 
drills. Two part expanding drill, the lower portion having cutting edge eccentric to the axis of 
thedrilL 

JOHN B. WHEAT, Joplin, Mo., assignor of one half to JOHN BXiAKE, Aurora, Ind»~ 
Feed-screw for drilL Feed screw is telescopic. 

JOHN FLBMZNO, Spring City, Chester Co., Pa.— Metal Rock-drill bit. Cutting edge is 
S-shaped, each half of the edge being beveled in one direction only, and each beveled edge merging 
into tne bottom of a channel being formed in tho lower end of the bit^ the channels being deep at 
lower end of the bit, and more shallow as they ascend, until they disappear at their upper ends in 
the cylindrical shaxik. 

JOHN BROWN, Ishpeminff, Mich. — Rock-drill. Round the middle part of the piston and 
round its ends there are buckets for the steam or air to strike against as they enter the cylinder, 
and rotate the tool. 

JOHN FZiEMZNG, Spring City, Pa., Assizor to himself, O. R XEELEY, same place, 
and EN08 S. 6HANTZ, PhilfSclphia. — Rock-drill bit. Bit has a cutting edge made of two 
curves meeting each other at the central point, the ed^ within the limit of one curve being bev- 
eled upon one side and in one direction, and emerging mto the bottom of a channel, and the edge 
within the limits of the other portion of the curve being beveled upon one side, but in a contra^ 
direction, and emerging into tne bottom of a similar channel. 

ROBERT MAOBSniiLEN, Meadville, Pa.— Original, 187,878, April 1, 1878. Link having 
its reins springing obliquely from the shank, forming a wedee-shapcd clutch. Reins are half round 
at a point above tne shanks, but further off get sector- shaped. Beins are half size at their base, 
and above are of less size to let those of the companion linlc lie between them. 

JAS. Zfc PRENTISS, Canon City, Col. — Pneumatic drill-hole cleaner. Rubber exhausting 
bulb and metal tube, having suitable check-valve«, so that the drillings enter the metal tube. 

JOHN B. PARKINSON, Virginia City, Nev.— Vertical cylinder with a piston and head; 
piston passing through lower head, and having cross-head upon opposite sides on which there are 
Dosses carryinjsf friction rollers. Horizontal smift has four cams, two at each side of the cross-head; 
raising the piston, only the upper end is compressing, the lower end being simply the vacuum 
dash-pot. • 

GABCAUEL TATLOR.— Bock-drills. This patent is for rock-drills and earth augers. 
This is a horse-power machine, in which the drill is raised and dropped by means of a rope upon a 
spool having a crank, and operated by a curved bar, the drop of the driU being regumted by a 
forked rod around which the cord which operates the drill is wound. 

JOHN ATOHINSON, New Tork City.^Diamond rock-drill. The diamonds are not mounted 
upon the tube, but upon an internal insertable and removable drill-head or bit-stock, which can be 
removed from the tube without taking the tube from the bore. Some of the bits are upon expand- 
ing arms or supports, so that they can be withdrawn from the bore of the tube for so removing the 
drill. The tuM serves for applying t^e power for rotating the drill. The bits may be thrown out 
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Date and 
Number. 



March 12, 1880. 
Ko. 227,878. 



April 13, 1880. 
No. 226,689. 



May 25, 1860. 
No. 227,899. 



June 15, 1880. 
No. 228.797. 



June 25, 1880. 
No. 227,908. 



June 25, 1880. 
No. 228^056. 



Dec. 12, 1880. 
No. 285,080. 



Name of Inyentor and Bbief of Patent. 



beyond the tube, so as to cut the bore larger than the diameter of the tube, or drawn in, by means 
of a vertical adjustable hollow cone. 



SAlMPIi G. BRTBR, Saugus, Mass.— Rock-drill. Improvement upon Nos. 206,998 and 
207,162, in manner of moving the pawl of the ratchot of the screw nut, to move the cylinder 
len^hwise in its arch. Is moved by auxiliary piston hinged to the pawl, and workine in a small 
cyhnder opening into the main cylinder. Valve chamber and ports are brought to the front of the 
cylinder. 

WTTiTJAM Ii. NBILL, New Orleans, La. — ^Piston rock-drill. No valves upon the cylinder. 
Cylinder has two connected chambers of unequal diameters. Drill is projected by action of steam 
upon the small head, and withdrawn bv steam upon larger head, partly by expansion and partly by 
valve-Uke action of the piston. (Darlington's English patent, May' 18, 1873, No. 1874, has no 
valve, but live steam is used to withdraw piston; expansive action to drive it.) 

NATHAN W. HORTON, Wilkesbarre, Pa.— Oarriaffe for rock-drills. Frame of rock-drill 
is mounted upon a long cross bar (preferably of double T-suape), and run along this last by a rack 
and pinion. Patent is upon the method of revolving the bar upon its axis, and holding it in any 
position. 

JA8. WARD, Syracuse, N. Y. — Hand drill machine. In this there is a reciprocating cross- 
head in the vertical frame, pressed downward by a spring, and given reciprocating motion by 
cams upon the fly-wheel shaft. The drill-spindle passes through and reciprocates with this recipro- 
cating cross-heaa, and is threaded with a male screw corresponding to a lemale screw in the cross- 
head. A pawl and ratchet give the drill intermittent rotation and downward feed. 

ROBBRT SffAQILj Pittsburgh, Pa. — Portable rock-drill machine. Drill is rotated by steam 
or compressed air, and feed is by an independent piston worked by steam or eir. Bit is cooled by 
a stream of water fed along the drill-bar. 

OSO. M. aiTHENS, Brooklyn, N. Y. — Steam rock-drill. (Band.) To prevent enlarging 
the front end of the cylinder b;^ concussion on the inside from the piston, or on the outside from 
the drill clamp, by blocks holding substances sucll as lead, instead of elastic substances such as 
India rubber. This drill employ the circular sliding valve. Valve and valve driver can be placed 
midway of the cylinder lengtnwise, or nearer to one end than to the other, so that when the arill ia 
being worked downwardly, and the weight of the piston and drill have to be lifted, the steam may 
be admitted when the piston is further away from the front head than where the piston and drill 
have to be projected upward. 

QBO. BC aiTHBNS, Brooklyn, N. Y.— Drills. There are the following new features : In 
the stand and carria^, the long radius bar to the jack screws^ so that the^r may bear * against the 
column, and not be jarred loose bv the action of the drill. An adjustable ring clamped upon the 
column as a shoulder to support the hub of the lateral projecting arm carrying the drill cylinder, 
so that the cylinder may be swung in a plane perpendicular to tlie columns. A steam stop valve 
in the steam chest, handy to the left nand of the operator, instead of in the flexible tube. An 
axiall^ split crank nut, with a transverse clamping screw to jam the crank nut. A split sleeve on 
the dnll chuck, long enough to embrace the piston rod some distance above the pomt where the 
male screw thread is cut upon it. 



Dec. 10. 1867. 
No. 714)99. 

Dec 24, 1867. 
No. 72,466. 



TABLE 22. 

Amebican Dbill-Cabbiages. 

T. DOANB. — Carriage mounted on track, having cross front cylindrical beams and project- 
ing side-arms, on which the drill is mounted. (Fig. 100.) 

F. B. DOZIBINQ. — The drill is supported on a horizontal arm, which is extensible 
within or from the ooUar, and the collar may be raised or lowered by means of a acrew cut on the 
column. The collar baa a vertical and horizontal adjuatment. 
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Date and 
Number. 



Name of Inventor and Brief of Patent. 



Jane 28. 1868. 
No. 79,158. 

July 28, 1808. 
No. 80,387. 

May 18, 1878. 
No. 188AK59. 

Jane 24, 1878. 
No. 140.178. 

May 12. 1874. 
No. 150,886. 



P. SWSBinST and J, BRADBURN.-— Platform for moonticg and pointing drills. 

O. BUBZiBIOB. — The front cross-beam may be raised or lowered, and a passage- 

way through the carriage and under the beam opened for removing the rock. 

a. B. TOWNB and W. W. BAZXiBT.— Improvement on Patent No. 80,887. The 

frame is open, and cross-bar in front overhangs the frame. 

A. P. THOMAS and W. J. EVANSir— A single upright column, on which the drill 
is mounted ; may be moved horizontally on a bed-plate. 

O. 8. PATnSON. — ^An arm is supported by a column, and the former may rotate about 
the column, and be tamed aroand and raised and lowered on it. The drill is moonted on the arm, 
and may be moved to and fro on it. 



TABLE 23. 



English Rock-Drill Patents. 



Date akd Num. 
BKR OF Patent. 



June 20, 1858. 
No. 1506. 

(First trials,1854.) 
Aug. 28, 1855. 
No. 1918. 
(Also Feb. 22, 

1856.) 
(Sardinian patent, 

Jane 80, 1855.) 



W. B. NBWTON. — Only a notice for a patent. 



T. BARTXiSm^ — An intermediate air-cylinder drives the drill, on 
the same principle as the Hotchkiss pneumatic forge-hammer, a well-known 
American hammer. The air-<jy Under is reciprocated oy an engine on the same 
frame, which engine also performs the rotation of the tool, and feeds the ma- 
chine along a rack. 



Nov. 5, 1858. 
No. 2477. 
(Invented 1857.) 

Jan. 6, 1859.. 

No. 50. 

(Sardinian pat- 
ents, June 25, 
1857, and Mch.. 
1861.) 



Name of Intentor and Brief of Drill. 



Published 
dsscriftiors. 



SOHWABTZKOPFF A PHIIJPP80N^— Mounted by ball and 
socket. Hand-feed. Rocking-valve driven by an arm on the piston-rod. 
Rotation by a ball driven by valve-stem. 

J. B. J0BN80N~<aBBMAIN SOMMBXLIJEIR.)— This is the noted 
Sommeiller drill, so largely used in the Mont Cenis Tunnel. The drill was 
attached to the piston-rod, and the valve; rotation, and feed were operated by a 
small engine placed in the rear of the machine. There were three types : 

I. 

(Fiff. 109.) Percussion-drill. Front part of cylinder always in communica- 
tion wiui air. Differential piston. Auxiliary cylinders for slide-valve of work- 
ing cylinder, for rotary motion by ratchet and pawl, for advance by ratchet and 
pawl ; advance automatically varying. 

n. 

(Fig. 110.) Sliding valve. Motion from one special cylinder (with fly- 
wheel). Botazy motion, ratchet, and pawl . Advance automatic and periodical . 



Full illustra. 
tions in Stapffs 
"Ueber Gestein- 
b o hrmaschinen," 
PL II., 1 to 7. 
Description in 
full, p. 84. See 
also "Practical 
Mechanics' Jour- 
nal," June and 
July, 1865 ; RXi- 
ha, "Unter- und 
Oberbau,"p.851; 
Sch oe n,"Der 
Tunnelbau" (ed. 
1874), p. 48. 



Cuts of Som- 
meiller*s drills 
will be found in 
RiEiha, "Lehrbuch 
der Gesammten 
T unnel ba u- 
knnst," vol. i., pp. 
141 and 143. Also, 
R Z 1 h a, " Eisen- 
bahn- Unter- und 
Oberbau." p. 857. 
See also '* Engi- 
neeri ng," vo1.xiu.« 
p. 891 (1872). 
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Date and Num- 
beh of Patbnt. 



Name of Inventor and Brief of Drill. 



Feb. 18. 1861. 
No. 373. 



III. 

(Fig. 111.) Sliding valve by special auxiliary cylinder. Rotary motion 
by ratcbet and pawl. Advance periodical. 

Stroke variable with all three. Blow cushioned in all three patents. 

As to the above styles, I., II., and III. of the Sommeiller drill, the follow, 
ing will bo found to be a more detailed description : 

I.— Old Style. 

Patented, Sardinia, Jane 25, 1857. Fig. 109 shows the earliest form of the 
Sommeiller drill. The following description of it is from B2iha, *' Tunnel- 
baukunst," etc., vol. i., p. 189 : 

Working cylinder B. Steam Inlet, X (or inlet for compressed air). 
Forward part of cylinder always in communication with chamber x by opening 
o' ; piston therefore worked by difference of surface of forward and back 
part. Exhaast steam or compressed air escapes through g. For working tlie 
slide-valve, for giving rotary motion to drill, and for advancing drill as hole 
grows deeper, there are two special ordinary small cylinders moving an eccen- 
tric c2, from which the other motions are transferred. The forward movement 
of the whole drill is entirely automatic — f. «., if advance tends to be greater than 
progress made by drilling, the movement is for a while automatically suspended. 

On the authority of the " Traforo-delle Alpi," p. 42, it is said that the in- 
ventor himself says that this machine partly suffered from faults of construc- 
tion and partly from excessively heavy blows it made. 

Results reported by Examination Ck>mmittee (lUiha, p. 163) : 

In sy^ite, 258 to 276 blows per minute; 0-029 m. drilled per minute; 
average of three trials. 

In limeittone slate, 260 to 270 blows per minute; 0*045 m. drilled per 
minute ; average of six trials. 

In serpentine slate, 260 to 270 blows per minute; 0-066 m. drilled per 
minute ; average of three trials. 

In sandstone, 260 to 270 blows per minute ; 0*174 m. drilled i>cr minute ; 
average of two trials. 

In gypsum, 260 to 270 blows per minute ; 0-261 m. drilled per minute ; 
average of two trials. 

II.— New Style. 

(Fig. 110.) First used March, 1861, at Bardonneche, Mont Cenis. 
(RSiha, " Tunnelbaukunst," etc., p. 142.) 

One small cylinder, a, with fly-wheel attached, for valve motion. Eccentric- 
wheel n, pawl attached, moves toothed wheel o, which gives rotary motion to 
square rod fitted into piston of working cylinder. Advance pericnlical. Rod 
t' t keeps coupling q out of gear until raised by pin on advancing piston ; then 
spring wound around q presses couplin^^ to screw p. and brings about forward 
motion. Piston moved forward and backward by difference of surface presented 
to compressed air. 

III. — Latest Style. 

(Rliha, " Unter- und Oberbau," p. 857.) 

(Fig. 111.) Valve motion bv special cylinder (not given in cut), /preset 
piston r inward ; piston of working cylinder offers smaller space in front than 
at back ; stroke variable, as with both the former rotary motion of drill by 
ratchet and pawl at e 2' ; forward motion periodical only when p and I coupled, 
which is effected in the following manner : Variable stroke being exhausted, s 
is raised, which raises q^ and gives piston r a chance to press forward, drag- 
ging q q (greater part dotted) and with it I forward, coupling I and p, which 
causes the entire machine to move forward. Wheels h, m, and n for bringing 
machine liack to original position. 

POOIiB, WRIGHT, HBMMTNQ and flflARBY.— The cylinder recipro- 
cates and strikes the drill like a hammer. The piston-rod is stationary, and has 
steam passages opening into the cylinder ; the piston-rod extends through the 
lower head of the cylinder, and the socketed end rests upon the drill-head. 
The upper end of the piston-rod carries a stationary ratchet, into which oper- 
erates a click for forcing the rotation ; said click being operated by the reci- 
procation of the cylinder. The cylinder has a spring buffer in the rear end. 



Published 
Descriptions. 



Stapff, "Ueber 
Qestembohr/' pp. 
87 to 118. KSiha, 
"Tunnelbau- 
kunst," etc., pp. 
189 to 152. Z wick, 
" Neuere Tunnel- 
baaten,"pp.52 to 
60. 
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Date and Num- 
ber OP Patent. 



Feb. 21, 1862. 
Xo. 464. 



April 9, 1868. 
No. 908. 



Oct. 24, 1868. 
No. 2624. 



April 6, 1865. 
No. 981. 

Juljr 5, 1865. 
No. 1778. 



Name of Inybntoe and Brief of Drill. 



B. 8. OREABE. — ^Tlie valve is operated on down-stroke directly by an 
annular projection on the drill- bar, and on the np-stroke by a slope on the 
cross-head. The feed-pawl is attached to the valve-stem, and operated by the 
same annular projection. Rotation performed by a cam on the valve-rod, 
which drives a ratchet. 

Q. IjOW. — ^The feed-screw is central, being on the same line as the piston- 
rod. The rotation is operated by means of a vibrating lever, pawl, and 
ratchet. Drill was mounted on a carriage, so that it may be moved vertically 
and horizontally by means of a screw. The carriage was held in place by 
being clamped against the walls of the tunnel. The drill was mounted on 
trunnions, which permitted of motion on their axis, and the arm which sup- 
ported the trunnions had an axial motion, so tiiat universal motion was 
secured. The valve was operated in one direction by a bell-crank, and in the 
opposite direction by a spring. The drill was fastened to the piston-rod by a 
key ; 2 ^^^ 'veere used. 

B. 8. OREASB. — ^The main piston serves as a valve for the piston-valve, 
there being no metallic connections. A rotating shaft is inserted (for the first 
time) into the rear end of the piston, so as tp rotate the tool. The rotation is 
performed by a worm-gear, which is driven by the piston- valve, and geared 
into the rotating shaft. Feed is operated by an eccentric on the rotating shaft, 
which drives a pawl on the feed-nut. The clamp is on a disc opposite the cen- 
tre of the slide. This is the first drill operating automatically of which we 
have any record in which all the devices for operating the valve, feed, and 
rotation were detached from the piston-rod. 

J. H. JOHNSON.— Identical with American patent Haupt's drill, 1865, 
No. 47,819. 

Q. IjOW. — A description of Low's drill and air compressor was publiKhed 
by the Society of Mechanical Engineers, Scotland, in February, 1865. 

The valve in the earlier drill was operated by a bell-crank, but in the later 
one it was operated by a spiral bar (which also in some cases eiSected the rota 



Published 
Dbscbiftioits. 



See Mechanics* 
Magazine, Second 
Series, Vol. 8. p. 
211, Oct. 8, 1862. 
Article is illus- 
trated. 



See also **En 
gineering," vol. i., 
p. 119, Feb. 28. 
1866. This article 



tion) which entered the rear of the piston, and was turned to and fro by the is accompanied by 



reciprocation of tho piston. The feed was automatic. In the earlier drill, the 
feed-screw was central — i.e., it was placed directly in the rear of the piston, 
and in a direct lino with it. In the later drill, the cylinder which carried the 
driving piston was entered into another cylinder, and steam was admitted into 
the last-named cylinder, which constantly tended to force the drill-cylinder 
forward or out of the former, but was prevented from so doing by means of 
heavy lugs (called also latches, cams, tappets, etc.), which entered into notches 
on the frame which supported the drill. When the drilling had advanced so 
much that the cylinder needed to advance, an annular projection on the piston- 
bar struck the lugs or tappets, and thus drove them out of the notches, and 
the steam or compressed air behind the cylinder, as before described, pushed 
the cylinder forward, and the lugs or tappets caught in the next set of notches. 
The pressure of the steam behind the cylinder was suflSlcient to prevent the 
rebound of the main cylinder. (This mode of feeding lias been in use in the 
Ferroux machine in the St. Gothard Tunnel.) 

The rotation in the earlier machine was performed by a ratohet, which was 
forced around by a rocking lever. A flattened part of the drill-bar passed 
through the ratchet, so that it was compelled to turn with said ratchet. In 
the later drill, the rotation was performed by a spircU or twitted bar, which 
entered the rear end of the piston, and operated both the valve and rotation. 
(This is the first record of a spiral bar for producing rotation.) On account of 
iho peculiar feed arrangement, the automatic rotation was complicated. The 
inventor therefore greatly simplified this part of the machine, and increased 
its durability by substituting a hand rotation. (He strongly recommended the 
hand rotation.) A worm-gear engaged a pinion, and tho former was turned 
by hand. 

The drill was mounted on a spherical trunnion opposite the centre of the 
machine, and admitted of universal movement, so that the drill could be 
pointed in any direction. The frame on which it was mounted enabled the 
operator to set the machine in any position. The tool was secured to the pis- 
ton-rod by means of a nut which screwed into the end of the piston-rod, and 
was forced against ji key which passed through the drill-shank. He used bits 
of various forms, such as the common bit, the Z ^i^i '^^^ the-|- bit. The drill 
was run at 500 to 600 blows per minute ; the full length of the stroke was 6 to 
7 inches. (This drill was used in Round Wood Tunnel for the Dublin Ck>r- 
poration Worka) 



section drawings, 
etc 
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Date akb Num. 
Bsn OF Patent. 



Nov. 22, 1866. 
No. 8065. 

Dec 26, 1866. 
No. 8S95. 

Jan. 7. 1867. 
No. 48. 
Also, 
Nov. 9, 1866. 
Jane 7, 1867. 

Swedish patent, 
March 5. 1868. 



Feb. 2, 1867. 
No. 296. 

June 10, 1867. 
No. 1704. 



Sept. 16, 1867. 
No. 2607. 



Nov. 29. 1867. 
No. 8386. 

April 8, 1868. 
No. 1183. 



June 19, 1868. 
No. 1989. 

Sept. 20, 186a 
No. 2965. 

Aug. 10. 1869. 
No. 2387. 

Nov. 25. 1869. 
No. 3411. 

April 14. 1870. 
No. 1104. 



Name of Inventor and Brief of Drill. 



Published Ds- 
scriftions. 



Gk HABBIiTINE^— See Burleigh's American Patent, No. 59.960. 

JORDAN A DARUNaTON.— The valve and feed are worked by 
liand, by the same crank. Tiie rotation is performed by a spiral bar and 
ratchet. 

F. B. DOBRZNQd — This inventor made a variety of drills, and several 
different carriages, or frames, for supporting the drill when at work. The 
valve was a piston driven by steam from the main cylinder, without metal- 
lic connections. The rotation was also forced by a piston which pushed a 
click, the click operating on a ratchet-wheel, said ratchet beinff attached to a 
bar which entered the rear end of the piston. The feed was also operated in 
a similar way. A doable click operated upon the feed and rotation ratchets, to 
prevent them from turning backward. The drill was mounted on a column, 
said column havinff an external thread cut the whole length, and forced 
against the walls of the drift by means of a heavy screw at the end. Two 
small carriages were used, each supporting a column, which are clamped to the 
walls of the drifts. These columns carried collars, which were raised or 
lowered by means of a nut working on the column, or by a pawl working in a 
rack ; there are two horizontal b^nis attached to the collars, which beams 
carry the driU. 



B. 8. ORBA8B.— A spiral bar for rotation. Improved column for 
tunneling. Same valve movement as in his patent of 1864, No. 2624. 

FRBDBRIOK BERNARD DOBRINQ.— The valve was oper- 
ated directly by steam, without metallic connections. The rotation was per- 
formed by means of a pawl driven by a steam-piston, the pawl acting upon a 
ratchet at the rear end of the machine, said ratchet being attached to a bar 
which entered the piston. The machine was mounted near its centre on a 
column which had a screw cut on the outside of it. 

JAMBS ASBURT BCcKBAN.— Mounted on two columns joined at 
bottom. Valve driven directly by a projecting arm on piston-rod. Machine 
stationary ; drill fed by a screw. Rotation by a ratchet in a spiral slot. Suc- 
cessor to the English patent of Hanpt's drill. See American Patent, No. 47,819. 
(For further description, see 1878, No. 2263.) 



JORDAN A DARUNQTON. — Rotation by two ratchets, having a spiral 
for one and straight groove for the other. 

WTTiTJAM ROBBRT I*AKB^ — Improvements on Johnson and McKean. 
Rotary valve (some slight modifications in feed); elastic cushions in the 
supports. 

DOBRINO A TWIOO.— Well-boring. Machine goes down the hole ; 
the whole is fed by a large screw ; the main piston is the valve. 

F. B. DOBRINO. — Feed operated by means of a piston driven by 
water. 

BDWARD THOMAS HUOHBE^— Drill mounted by ball and socket- 
joint ; valve moved by a piston ; rotation by a spiral bar ; feed by hand. 

THOBCAS BROWN.^Reis8ue of Burleigh's patent. See English 
Patent. No. 25, 1869. 

W. R. IiAKB. — Improvement on McKean*s. Rotation. Supplemen- 
tary spiral wheel. Tool feeds through centre of piston-rod. Rotary valve 
operated by wing-tappets fixed in the valve-rod. 



Description of 
drill in Stapfi"s 
UeberGesteinb." 
p. 107. Also, cuts 
in Stapff, plate 
8, Figs. 1-7. 8, 
10-12. and 14 See 
also for Doering^s 
Carriages, "Engi- 
neering," Dec. 21, 
1866; "Practical 
Mechanics* Jour- 
nal," Apr. ,1867, p. 
7; "Engineering," 
voK vii., p. 354, 
May 28. 1860 ; al- 
so, p. 118, same 
vol.,will be found 
cut and descrip- 
tion ; " Quarterly 
Jour, of Science." 
voL vi.. p. 180, 
Jan., 1860. 



Cuts of Mc- 
Kean's improved 
drill will be found 
inRziha'8"£i8en. 
bahn- Unteiv und 
Oberbau," 1876, 
Fig. 28. p. 371. 
Also, see Zwick, 
" Nenere Tnnnel- 
bauten," p. 72. 
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Nawk op iNVKNTon AND Bni&F of Dbiu.. 



Mny 30, 1870. 
No. UM. 
(Tried, 1869.' 



B. OBTBBKAMP. — PiBton-valva operated witlioat meUllie coDDec- 
tionB. One of the meet novel features la tbat of peTfonuIag the rotatioD bj 
IS or a pairl openled bj tbe piston valve. 



P. B. TATLOR.— Improvement on Lake's or HcSesn's. Instcnd 
, iivl for operating the rotatioD, a block was nxed tiavlu^ several leelli to i 
)i;afre in tlie ratdist on tlie piston-rod. A feed-click was attached to tbe vnlve- 
' so tliat tbe feed iviib oponted ivitb encli l>ack stroke. 

1. DARUNOTON.— ItoUtion by epire] bur, the ntcUet being In [be 
, . n ; spiral bat slao operates valve. Kubber jiackiug et rear end. Plsloa 
fcretvcd on to Ibo rod, 

J. a. ORANSTOH.— Valve same as Burleigh's. Rotation bj 
Ciiiick same aa Hall's American psteut. Clamp admits of i 



Deacribed in 
Znick's " Neuete 
Tuunel banten."p. 
SOi also, mXh^t 

' Eisenlwhn- Un- 
'I- and Ober- 
bna,"p.9ti8. nhere 
will be found cuts 




Fio. 112(a). 
DUB0IS-FRAN<,'OIS ROCK-DRILL. 
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Date and Num. 
BBR OP Patent. 



July 1,1872. 
No. 1980. 



July 3. 1872. 
No. 2006. 

Oct. 23, 1872. 
No. 3125. 

Nov. 21. 1872. 
No. 8491. 

Not. 28, 1872. 
No. 3507. • 



Dec. 26, 1872. 
No. 3921. 

Feb. 18, 1873. 
No. 541. 



April 7, 1873. 
No. 1280. 



April 22, 1873. 
No. 1455. 



May 13, 1873. 
No. 1734. 



Name of Inventou and Briek of Drii^u 



Published 
Descriptions. 



Oberbaa," p. 360, 
cuts 14 to 17. 

'* Engineering," 
vol. xxL, p. 45, 
Jan. 21, 1876. lU 
lostrations given. 

"Iron," vol. iii., 
p. 104, Jan. 24, 
1874. With illus- 
trations. 

A very clear and 
good description 
ofthisdrillisalso 



moved by the differential piston n h. Near the end of tlie back stroke of the 
piston the annular projection /raises the lever g, wliich forces the poppet-valve 
i inward, thus permitting the sudden exhaust of the air in the space t, when 
the pressure of the air on the end n suddenly reverses tlie valve, admitting 
the air behind the piston a ,* and upon the return of the piston tlie poppet % is 
closed by the pressure of the air against it, after which tlie compressed air, 
whicli is allowed to pass through a very small hole in the piston -head h, forces 
the valve in the opposite direction, because the area of the piston h is larger 
than that at n. These parts aro so proportioned that the valve will be reversed 
at alx>ut the same time that the drill strikes the rock. 

The rotation is performed by means of two pistons, v, Fig. 112(&) ; a flat 
bar p, Figs. 112(a) and 112(6); a crank g, Figs. 112(a) and 112(c), on the end 
of the flat bar p, a pawl y and ratchet r. o is a block on the steam-chest, 
liaving arms u u, through which the flat bar slides. Under each arm t4 is a Jfiven, with cuts, 
piston c, one communicating with the steam-passage a?, which leads to the for- in De Bauve's 
ward end of the cylinder, and the otlier to tlie other end, so that, as steam or " Manuel de I'ln- 
air is admitted to the ends of the cylinder alternately, it will force the small genieur,"partl2, 
pistons « to be pushed outward, alternately, thus operating the ratchet r. This on Tunnels, p. 22. 
ratchet has a feather which enters a groove in the drill-bar c. See also '* Rap- 

The feed is operated by hand. A crank. Fig. 112(d), connects with a ports Trimestri- 
beveled wheel 6, and this engages the beveled wheel c on the end of thesis de la Conseil 
screw t. Suisse du Tunnel 

The drill.bar c enters the piston b with a slight taper, so that it will hold de St. Gothard." 
without a key. The coupling d is secured to the drill-bar c both by taper and ^ ** Notice sur 
key, and the drill e is secured by means of a key in d, as explained in the rinstallation des 
article on chucks and bits, see p. 174. Appareils i com- 

These drills are mounted on parallel iron bars, a s s{in the several figures), primer TAir et de 
about one inch by two inches cross-section, along which the machine slides, perforation aux 
This arrangement is more clearly shown in Fig. 103. Cliarbonnages do 

la Society do la 
Marihaye, pur 
Dubois- Francois, 
1873." 

M. A. SOUL— (8AOH8 drill.) The feed is automatic. The feed, rota- 
tion and valve are all operated by a bell-crank, which is rocked by the recipro- 
eating movement of the piston. (Sec next list.) 

B. IiE GROS — See Ingersoll's American Patent, No. 112,254. 

J. H. JOHNSON— (RAND & WARING).— Improved tripod. 

O. J. BAIX. — The main piston forms the valve. These aro called 
valveless machines. 

BRTDON, DAVIDSON & WARRINaTON. — Rocking valve 
operated by a lever between the ends of a double-headed piston, and rotation 
is made by the same lever. 

BRYDON, DAVIDSON & WARRINGTON^Rack used instead of 
screw for feeding. Improved tripod. 

EDWARDS. — Valveless. Section of spiral rod is triangular. 
Ratciiet-click for rotating. Is without plus or trunnions, and is plac^ in a 
recess in the head of piston. 

B. BDWARDS.— Feeds with piston and pawl. The piston is worked 
I by steam from the main cylinder, and regulated by poppet opened by the 
piston at the end of the strolLe. 

J. a. ORAN8TON. — Valve operated as for Burleigh's. Rotation by 
spiral rod or l)y hand, a feather being in the feed-scrow. Fed by hand. In 
tripod all tlie legs are adjustable. Drill mounted on trunnions. 

J. DARUNQTON.— Fig. 113 shows a section of this drill, a is the 
cylinder, b the piston, and c the rod with spiral grooves for rotating on the 
back stroke. 

Steam is in the forward end during both backward and forward stroke. 
When the piston is forced back of the port at m, steam rushes through the 
passage to the rear end of the piston, and by the excess of pressure soon stops 
the piston and causes it to return, striking the blow soon after passing the 
port m, when the steam exhausts through the hole at o. 



See "Iron" for 
April 1. 1876, p. 
421. Fulldescrip. 
tion. Also see 
pamphlet on *Der 
Darlington Qes- 
teinbohrer," by 
Dr. Adolf Gurit 
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Name of Inventor and Brief of Dbill. 



Drillfi nlilc'j kt-eii a coustant preiBare at tlie forward end ubua]!/ etriko a 
paratlvet? lig-lit lilon. Tlieni are manj modifications ot the omnsementi \i 

at the porta in valvelesa engiaea. in som?, Ilicj feed and estiaust in tUo front 

of the piston as irell as ]ii tUa rear of it. 




Fio, 114(a). 
McKEAN DBILL. 




Ptn. 114(61. 



JaneS. 1B73. BRTZX3N & DAVIDSON Slide-valrc worked by arm between the 

No. lOSI. hetulB ola doable-headed pUton. Rotation iu sleeve at rorward end. 

JaneSO. 18TSL W. B. I<AEE.—BacEEAN<B— Fl^. 114(fl) and 114(6)— with rotation at Riiha, " Eiaen. 

No. 2369. rear end. Improved frame for mounting drill. bahn-Unter- und 

The McKean drill, so called, is the reaaltof several patents {rranted under Oberbau," p. 371. 

different Dames: Lake, Tajlor, mid others. Pig*, ll^i) ^"^ W ^^ taken Znick'a "Neuere 

from Iteiha, " Eiienbalm," etc., p. 371. Tunnelbau ten," 

CompresBed air enters valve-cj'linder through L. p. 13. " Engi- 

Valte ifo/io II.— Oscillating cock. Oscillation produced by annnlarcam on neering," July, 

proIoDzed piston-rod of main cylinder, Btrikinir two penduluras g A hanglnjr 1873, i>, 43. 

down from rod Jt. and on opposite eidea of Ihe piaion-rod. 

Rotary Jtfofwn. —Conical part bears leelli like a rntcliot-wbeel, spiral ly 
placed. Tlieso teetb. moving along a plate m with ;:!ronves also placed at an 
angle to axis of working cylinder, produce rototion. The plate m Is placed 
open a spring. 

Advance. — Automatic, brougibt about by pendulum /t,by the rocking motion 
ot which ring u is moved forward and liockwnrd. Tliis riog has a toothed 



r 



EUROPEAN PATENTS. 
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iho iDOtiOD Is communicated to tlie ecrewa. Tbis feed will gcaenWj be 
rapid, but lo set il rigbt Ilia operator baa only to turn tlie crank backnaTd. 
Baekaird Matioa.—For drawing out drill from liolo bj hand. In tbe 
lateat form, tlie operatini; devices irere placed In front of tbo piston, wblcb is 
about equivalent ti remorio); tbe eitenslon b and attachlnff tlie tool at/. 

G. T. BOHBFIBLD— (FERBOITX drill.)— It Is driven 1^ compressed air. II 1 ■ traUom 

The vnlce motion, is effected bv an oscillating cylinder (Fiff. 115) taming a will be fonod in 

■haftwwith aflj-nheet attached.and an eccentric e on shaft te moving the Riiba's " "' — 




April 7, 1878. 



FERROUS ROCK-DRILL. 

iltditiK-Talve (more recently a cock-vaWe.) Tbe working cylinder Is long tor bahn- TJnter- and 
the sake of variable stroke, Oberban" (Fin. 

The rotary moliin at drill effected by ratchet and pawl, moved by eccra' 18 to 21). Do- 
trie B at end of sliafting ui. The pawl and ratebet ere eubstaotially the Bcription, p. 363. 
same aa Id the Dubois-Francois. 9efl also "Iron," 

The adcanae is automatic. In the long cylinder, called "propulseur,"iVol. v., p. 748, 
there is a hollow piston-rod a, to the back end of which tlie piston is attached, Jan. 12, 1B75 ; 
At the forward end of this piston the entire working cylinder and attachments," The Engineer." 
are screwed. Tbe compreued air entering at P behind the piston of the long' vol. zixix,, p, 390, 
cylinder exerts a constant pressure upon it, tendioK to drive it forward. ~' 
air passes continually through the hollow piatou-rod, through which il 
to the valve-bos. Tbe check npon this forward motion ie tironglit about by 
tbe lork A pressing wainat vertical teeth on the guiding rods or slide. The 
variahle stroke of a being exhausted, tbe ring c attocii^ to ihe piston-rod of 
the working cylinder a Birlkej the tappet i ; wherebv the lever g and togelbei 
with it the fork h is raised. Tbe compressed air la tnerefort! now able to press 
the piston P forward, and with it the entire front part of the machine. This 
fonvard motion is stopped by the sudden reliirn ot the fork A, forced down by 
tbe pressure of cumpreased air ution a small piston at the other end of the 
lever g. The variable stroku of the piston a and the piston P therefore assist 
one another in automatically moving tbe entire apparatus forward as the bore- 
hole groivs deeper. 

A retaining mechanism Is necessary at tiioee limes when the return motion 
f)f tlie drill takes place, and it is at ihe same lime imperative with Ferroax'a 
lystem that this retaining mechanism alinuld adrancii with tbe reat. To effect 
thia, iioriz'intai toetli are cut also Into the guiding-rods m. Two horix 
pislonar f catch into these teeth, being pressed against them steadily by 
pressed air, whicli ia alao carried to them tbrough tiia boUow pialon-rod t 
whole advancing with it! 

When it becomes necessary to draw the drill from the hole, the 
pressed air Is cut off from the long cylinder by the valve «', Then couiprcssed 
Ur Is allowed to act upon the front port of ibe piston P by opening the valve v', 
drawing tho whole back. In ordcrto prevent the two pistons rr' (Fig. 115) 
from hinderini; tiiis motion, an india-rubber band ia placed around the vertical 
levern x 3f attached to them. 

This drill has been famons on account of Its extensive use in tho St. Ootb. 
ard Tunnel. 

F. E. B. BEATTHONT— -Valve ia a piston worked without Uppeta 
for rotation, a apical bar passes into a nqnare mortiae in tiie piston. 

WAKBOF A HHJ..— Yilve operated by a apirul bar. The pistol 
strikes the drill-head. The driU ia rotated bf hand. 



"Engineering," 
vol, xxxis.,p S3, 
Jan. 8. 187S. 
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TABLE 23. {Cimtimied) 



Date and Num- 
ber OF Patent, 



1874. 
No. 1603. 

1874. 
No. 1676. 

1874. 
No. 1718. 

1874. 
No. 2085. 

. 1874. 
No. 2741. 

1874. 
No. 2760. 

1874. 
No. 8038. 

1874. 
No. 8342. 

1874. 
No. 4402. 

1875. 
No. 3. 

1875. 
No. 485. 

1875. 
No. 829. 

1875. 
No. 1766. 

1875. 
No. 2018. 

1875. 
No. 2287. 

1875. 
No. 4207. 

Jan. 4, 1876. 
No. 34. 



Jan. 11. 1876. 
No. 119. 



Jan. 20, 1876. 
No. 222. 



Jan. 27, 1876. 
Na836. 



Name op Inventor and BniEF of Drill. 



W. MAN80N. — A piston in one cjlinder forces air a^inst the drill- 
piston in another cylinder on opposite sides, alternately. (See Wood's Ameri- 
can patent, No. 98,901.) 

A. M. OLARK— <OHBNOT).— The drilUpiston is in an air-cylinder, and 
the air-cylinder is reciprocated. (See Bartlett's EoirUsh patent, 1855, No. 
1913.) 

J. H. JOHNSON— (WABINa).— See Warihg^s American patent. No. 
178,214. 

8TURQBON & WUITU.— Long^ screw goes through piston-rod 
for feeding: and drill, similar to Brooks, Gates, and Burleigh ^American patent, 
1866. No. 52,960). Rotary valve. 

a. HASELTINB— (THURSTON).— See Wood's American patent. No. 
138,777. 

HOSEINO A BIiAXHWELIfc — Rotation and feed geared together. 
An annular projection on the middle of piston-rod drives valve. Double piston ; 
clamp double. 

H. B. BAHLOW— (TURRBTINI & COLLABON).— Hydra uhc 
pressure to feed. Annular piston. 

B. BDWARD8. — ^Valve driven by piston, which piston is driven by 
steam from the main cylinder. Fed by piston driven by steam from the main 
cylinder. Rotation by spiral rod. 

F. B. B. BBAUMONT. — Small trunk engine for valve and rotation. 
Feed is automatic ; feed-click is operated one way by pawl and the other way 
by a cone on the piston-rod. 

W. L. WISB, — Rotation effected by means of a catch contained in a ring 
or collar. 

HASBLTINE— (WINOHE8TBR & PHELP8)^See Winchester's 
American patents. No. 165,646, etc. 

F. B. B. BEAUMONT. — Tlie chief object is to arrange tbe working 
pai^is so that they are readily accessible for cleaning, lubrication, and repair. 

BROWN— (BURLBIGH'S).— See Burieigh's American iiatent. No. 
162,528. 

B. EDWARDS. — Valveless. Peculiar spiral rod, for rotating ; peculiar 
tripod. 

G. H. BBYNOIjDS.— See Reynold's American patents. 

'. — See IngersoH's American patent, July 4^ 1876, No. 179,561. 

THOS. LAWRZB. — Drilling holes in stone paving blocks. FlagHstones 
are cross grooved, and at the intersection of the grooves, a hole is drilled 
through the stone by a drill formed of a tube with the larger portion cut awa^. 
and the remaining portion set with a diamond. The machine may have sohd 
spindles, as the core drops out. 

JOHANN RICHARD SCHRAM — Rock-boring machine. Slide valve 
rod bears two cylindrical spindle valves, so that the slide valve remains in place 
without recoil until the piston has made the greater portion of its stroke. Ro- 
tation by a small piston at right angles to the main piston, and a cog on which 
turns the main piston. Slide valve moved by action of team. 

AI.FRBD, WM.— (TURNER A NEWTON Wn.80N.)-Flexible 
joint for conveying rotary motion. Helical spring fastened to the ends of the 
shafts to be rotated. (Application is for hair-dressing t) 

ALEX. MELVIZjLE OIiARKw— Ck)mmunication from Emil Ueyler, 
Paris, France, Provisional only. Air is transferred from the large cylinder 
to the small one ; the valve chest of the motor cylinder is put in communication 
with the receivers. The shaft driven from the motor cylinder being made to 
work a pump by toothed gearing, the intermediate wheel being toothed on only 
one hall its circumference. 



Published 
Descbiftions. 
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Date aud Num- 
ber OF Patent. 



Feb. 2, 1876. 
No. 408. 



Feb. 4, 1870. 
No. 458. 



Feb. 10, 1876. 
No. 529. 



Feb. 25, 1876. 
No. 754. 



Feb. 25, 1876. 
No. 793. 



March, 8, 1876. 
No. 889. 



Name of Ikyentob and Bbief of Drill. 



ERNSST DB PASS. — Communication from M. D. Converse, N. Y. 
Rock-drilling machine. Valve piece has D valve at each end, and also bevel 
tappets passmg down into the cylinder and struck by the piston so that when 
one end of the valve piece is forced laterally, from within the cylinder by the 
piston, the other end moves laterally into the cylinder. Valve seats are on the 
inside of the steam chest parallel in* line with the valve movement. Valve and 
tappets are in one piece, and the tappets close the openings into the cylinder. 
Arm fixed rigidly upon the feed shaft, so that piston can regulate the feed of 
the cylinder toward the rock. Rotation ratchet is in the head and within the 
cvlinder. Hollow split sleeve attached to the piston rod, with a recess between 
tne end of the piston rod and the sleeve, bored out to receive the drill bar. 
Two front legs on the tripod are screwed into hips of cast steel ; each hip being 
bored for a screw which passes tlirough it into tne saddle, on each side or which 
last there is a conical recess, in which the hips are drawn firm by the screws. 
Back leg is forked, and has a spring clamp to surround the saddle. 

ARTHUR ib JOSBPH BURDBTT.— (Provisional only.) Air-com- 
pressor. There are circumferential openings allowing the air in the cylinder 
to get into the jacket. Piston made of two heads, having air delivery valves 
screwed into them. Air is delivered from the cylinder into the hollow of the 
piston, and this into the jacket. Annular suction valves screwed into the air 
cylinder covers, and working in time with the piston strokes. Variable steam 
cut off, worked by the compressed air in the receiver. Circular plate having 
parallel slot is keyed fast to the crank shaft, and on this plate the eccentric 
slides transversely on the shaft. On opposite sides of the eccentric is a steel 
in which, by a spiral slot, slides around the shaft. Circular motion produced 
y lengthwise motion on a hard metal sleeve sliding on a screw thread upon 
the crank shaft No drawings. 

ANDRBW B. BROWN.— British. Machinery for cutting and getting 
stone. On each side of the jumper bars there is a pair of smooth wheels held 
together by springs, and gripping the bars so as to raise them when the wheels 
are caused to revolve. The periphery of the wheels is not complete, but cut 
away so as to raise the bars and then let them drop. Bearing surfaces approach 
simultaneously and let go at the same time. For working norizdntally, there 
is a steam cylmder pressing on the end of the jumpers. 

HBRBBRT N. PENRIOB. — Bock boring, tunneling, etc. Machine 
cuts a small hole, which is enlarged before the core is removed. 

The cylinder which gives motion to the arm and cutting head have a diam- 
eter nearly equal to that of the annular groove cut by the head, and the upper 
part and sides of the bore; this being done b^ three or more arms fixed to an 
arm behind the cutting head, each arm bearing a chisel, in the shape of an 
open ring punch with cutting edges passing across the ring. After cutting 
some distance the machine is withdrawn, andf the holes around the main groove 
are chared with explosive. The charge holes are closed with three long steel 
wedges mclined in opposite directions. The charge forces the centre wedge 
between the other two, being pressed out laterally from the side holes, and ver- 
tically from the top hole into the bore. The edges of the cutting chisels are 
placed circumf erentially, and alternately nearer to and further from the centre. 
The reciprocating cutter head is given rotation. 

JAS. QRAPTON JONBS.— Boring coal, stone, etc. To permit of 
boring close to the roof, bottom or sides of the working, there is but one worm 
wheel to feed the drill. The support of the worm wheel is a long tubular bear- 
ing ecmal in diameter to the outside diameter of the feed screw, a portion of 
one side being cut away to admit a portion of the worm wheel. This worm 
wheel has a brake race so that its rotation may be retarded. The tool is rotated 
in one direction at each backward or forward motion of the ratchet lever. In 
this patent there is also a method of breaking down rock by the means of 
wedges. 

GRAHAM BTJhSVUNSON. — Rock-boring apparatus. Compressor, 
having hollow bed-piece acting as a receiver; over one end is a pair of single 
acting steam cylinaers, and over the other, two air cylinders. Steam cylinders 
are inclined to each other, so that a cylindrical valve chamber with an oscillat- 
ing valve may be f^oi between their outer ends; lower ends open into a closed 
circular chamber m which the cranks revolve. Each passes through outer ends 
of air cylinders, through spring valves in the pistol, into the dosed crank 
chamber. 



Published 
Descuptions. 
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Date and Num- 
ber OF Patent. 



March 16, 1876. 
No. 1183. 



March 18, 1876. 
No. 1178. 



March 81, 1876. 
No. 1880. 



April 1, 1876. 
No. 1412. 

April 8, 1876. 
No. 1425. 



May 24, 1876. 
No. 2188. 



May 25, 1876. 
No. 220a 



May 26, 1876. 
Na2225. 

May 27, 1876. 
No. 2288. 



Jane 14, 1876. 
No. 2468. 



June 20, 1876. 
No. 2544. 

June 24, 1876. 
No. 2607. 



Name of Intektob and Brief of Drill. 



HXSNRT PBROT HOLT. — Motive power engines. (Provisional protec- 
tion only.) Compound steam and compressed air en|[ine, having high pressure 
steam cylmder exhaust into a low pressure cylinder, mto which compressed air 
is admitted from a receiver. 

WM. ORMZI OARTBR* — Ouarrving stone. Beam fixed against the 
face of the rock, has guides; and a len^nwise toothed rack is applied thereto, 
so that a drill carriage may slide along it. Drill axis receives rotation from a 
toothed wheel on a long shaft running in bearings upon the ends of the beam. 
This long shaft gets motion by means of a driving rope. 

FREDBRIOK B. B. BBAUMONT AND JOS. FOSITIR.— Percoch 

sive rock-driUs. Improvement on Beaumont's Patent No. 11^, April 2, 1874. 
Piston valve is hollow, and has perforations in the middle, acting in combina- 
tion with an annular exhaust passage in the valve casing, in order to serve as 
the exhaust of the drill cylinaer. Drill piston has a lengthwise passage con- 
necting at one end with the atmosphere, and at the other end with the annular 
recess m the drill piston. Cylinder fed by the piston rod extending through 
the back head, its end tapenng and actuating a wedge piece. 

EDWARD BIADBN. — ^Machinery for compressing air. Compressing 
cylinders operated by electro magnets. 

JOHN D. BRUNTON ib GBO. BRUNTON.— Tunneling machinery. 
Cutting. head of metal plates, rotated by hydraulic machinery; provided with 
buckets to remove the debris, which last is carried away by an endless apron. 
Head is guided by a central steering tube, passage for wnicn is made by a rotat- 
ing screw cutter. 

OBAS. J. OOPBIaAND, Communication from JNO. B. WARING, 

N. T. — Improvement upon J. H. Johnson's Patent No. 1710 of 1874. Rock- 
drilUnff machine. Centrally on the back end of the drill cylinder there is a 
small K>roe pumpdriven by the drill piston, and forcing water into the bore 
hole. For removing the debris from vertical bore holes the spindle has circu- 
lar steps along its length, and is tapering between the shoulders. Boring tool 
has two cutting edges upon its face, and cutting edges upon the sides. 

WM. W. DUNN.-^Bock-driliing machine. Slide valve and ports so 
arranged that the indve opens and closes the ports by moving laterally on the 
port fice. Valve is operated by the piston roa through a double conical surface 
thereon, and arms upon the valve spindle. The valve arms may project through 
the ports into the cylinder. The conical surface on the piston roa communi- 
cates motion to a ratchet wheel upon the feed screw. A sounder in combination 
with the piston rod indicates the necessity of increasing the feed when it is 
done by hand. Working is stopped when the drill has been run out to the end 
of the feed motion. 

JABCBS MAWSON^Rock-drilling machine. Patent of Nov., 1876 is 
a better method of doing the same thing. 

MZZiBS KBNNBDT and JO& BA8TWABD.— P^k-drilling ma- 
chinery. Automatic feed, consisting of a roller, cam and gearing, in combina- 
tion with a feed screw, nut, and holLow piston rod, giving a rotary and forward 
motion to the drill bar. 

DAVID AINSLET. — Coal-boring machinery. Screw boring spindle 
working in a female threaded box, divided lengthwise, so that it may be opened 
to draw up the spindle. The screw shaft has movement in a vertical arc, and 
the carriage has motion in a horizontal arc. 

JOHN D. BRUNTON. — Machinery for excavating tunnels. Detail im- 
provement upon Patent No. 1784, dated July 5, 1876. 

JOHN VIVIAN.— Drilling or boring rock. Diamond drill having verti 
cal tubular boring rod in a bracket, passing through the hollow axis of the 
bevel wheel ; this hollow axis having a feather fitting in a spline in the boring 
rod. The frame bearing the drill spindle may be moved laterally upon the 
icarriage. | 
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Aug. 9, 1876. 
No. 8150. 



Aug. 14, 1876. 
No. 8198. 



Sept 25, 1878. 
No. 8741. 



Oct 19, 1876. 
No. «M5. 



Not. 3, 1876. 
No. 4587. 



Not. 11, 1876. 
No. 4871. 



Not. 21, 1876. 
No. 4528. 



Dec. 4, 1876. 
No. 4682. 



Dec 18, 1876. 
No. 48ia 



Jan. 12, 1877. 
No. 162. 



June 26, 1878. 
No. 2572. 



Name of Inyentob and brief of Drill. 



JA8. BffAONAB.— Mining, blasting, etc. Employs in combination with 
a simple boring apparatus a metallic plu§ made upK>n the principle of a breech- 
loading cannon, and containing the explosive material; this plug being inserted 
in the hole, and held therein by wedges during the expansion. 



THOS. FBATHZ3R.— (Provisional only.) Machinery for compressing 
air. Two pairs of horizontal cylinders open at one end. AH the piston ro£ 
are connected with one piston head. Each piston has a valve. At one end of 
each pair of cylinders there is an air chamber having a valve. When thepiston 
moves in the airection of the air chamber the piston valves are closed. The air 
from the valve chamber passes by pipes to other cylinders and pistons, valves 
being provided which let the air back of the piston, and eo utilize the force. 
From this last cylinder the air is forced by pipes into a general receiver. The 
first mover is a steam engina 

aUSTAV HEINRIOH NEUMANN, Philadelphia.— Boring or drillinff 
rocks. Boring bit has double cutting surface. The rod is raised, turned, ana 
fed forward at each action of the cam. 

JOHN Tl A HTiTNQTON.— {Provisional protection only.) Percussive rock 
boring machine. Outer surface of the cylinder is screwed to permit of feed. 
Pressure is introduced through a revolving joint so that the cylinder may be 
rotated. Feed by means of a lever struck by the plstoiL 

JA8. MAW80N.— Machine for drilling coal, rock, and stone. Drill rod 
is screwed upon its upper end, to correspoim wiUi a cylinder in which it is 
screwed up. This cylinder, being given a firm abutment, is turned by a 
ratchet, and thus forces out the screw and the drill. 

FRANK WORTH, Frankfort on the Main, Germany. — Apparatus for 
controlling the dip, etc., of borines. The dip of the boring hole is controlled 
bv a glass half filled with dilute fluoric acid which will eteh the sides of the 
glass tubes and show the dip. The bearing is controlled by the mariners' com- 
pass with a freely balanced needle, which at a certain time is raised whilst the 
parts are in the hole. 

AZJF^USD V. NBWTON.— Air pumps. Combination of an air-corn- 
pressing piston arranged to pass in its delivery stroke beyond the face of the 
seat of the outlet valve; air inlet valve of approximate area with the piston, 
and outlet valve which covers or laps over the delivery end of the bore of the 
cylinder; this outlet valve and piston being faced to make a close joint with 
each other throughout the area of the piston. Enlarged chamber at tne delivery 
end of each cylinder of the compressor, and constituting a seat for the outiet 
valve. Pressure-limiting device controlling the motive force. 

W. R. IjAKB, Communication from AIiFRSD BRANBT^ Hamburg, 
Gfermanj^. — Hydraulic machinerv for boring rock. Slightly conical tooths 
steel boring tube, screwed to hollow boring rod. Pressure given by movable 
hydraulic cylinder sliding and rotating on a fixed ^ton. Abutment against 
hydraulic press, jamming the sides of the cutting, notation by two hydraulic 
engines. 

JOHN SELAW< — Operating air-compressing valves. Provisional protec- 
tion not allowed. Operating vfldves by a hydraulic apparatus, comprising a 
cylinder attached to xhe piston rod of the compressor, the piston xx)a of tiiis 
cylinder being attached to a cross-head to which the valve spmdles are fastened. 
Valves are moved by steam cylinder and piston ; or, valves operated by eccen- 
trics. 

W M. WTNN KENRIOK, Birmingham. Communication from WM. 
WHAVER, Ph(Bnixville, Pa. (Provisional.)— Bock-drilL Drill end is in the 
form of a double gouge or V. Drill mounted on frame having f rictional clamp 
combined with a ratchet nut holding drill as it is raised and turned. Kut in 
descending strikes a step allowing the drill to be fed forward. Rotation of 
drill regulated by adjustable fingers fastened to driving cam. 

THOMAS BROWN JORDAN and THOS. ROWLAND JORDAN, 

London. — Pneumatic and hydraulic machine for drilling rocks, crushing ores^ 
etc. Improvement upon T. B. J., Feb. 2. 1877, No. 440, and Sept. 18, 1877, 
No. 3510. Cylinder of rock-drill is provided with means of taking small addi- 
tional charge of air at every stroke of the piston. Increase of pressure is pro- 
vided a^painst by escape valve. Portion of piston rod below piston is enlar|;ed 
to nearly diameter of piston. Bod passes through gland at bottom of cylinder, 
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Feb. 14, 18T7. 
No. 619. 



March 21, 1877. 
No. 1128. 



March 26, 1877. 
No. 2054. 



March 29, 1877. 
No. 1245. 



March 29, 1877. 
No. 1247. 



April 16, 1877. 
No. 1485. 



May 8, 1877. 
No. 1724. 



Name of Inventor and Brief of Drill. 



packed with cup leather turned upward to admit air during^ up-stroke, and the 
piston is packed so that this air pusses up to the space above the piston. This 
gives the dead blow. Cylinder nas air-tight piston and tubular rod through 
which the boring rods pass, and to which they may be clamped while working. 
Piston and rod are rotated by suitable gearing, and cylinder is in connection 
with hydraulic pump on the slide yalve, so that pressure may be thrown on 
either side of the piston at will. This patent claims the power of boring by 
rotation or percussion with the same kind of machinery. Piston is driven by 
the force of air compressed behind the piston ; piston being raised by the re- 
Tolving cam ; driven by hand or otherwise. 

JNO. SHAW and WTTiTJAM TIMBRSI* OIjARK.-^Machinery for 
boring rock. (Provisionid.) Cylinder and piston rod with two pistons thereon. 
Steam introduced into the mid<ue of the cylinder acts on one or the other of 
the pistons, closing the exhaust, and forcing the steam or air from one piston 
to tne other, by one of the pistons coming into contact with a slide valve. 
Automatic feed by small cyhnder affixed to the side of the main cylinder; 
steam or air passes from the lar^ cylinder into this and acts upon catches and 
wheels; or, steam or air may be let mto the middle of the slide valve, using the 
space between the two pistons for exhaust. 

OHAS. SPRUTT DE BAT, 9 Victoria Chambers, Victoria St., West 
minster. — Apparatus for giving movement or power to liquids, air, or gases. 
Striking or pressing the air or other liquids or gases at the same time and with- 
in the same space comprised between two similar planes perpendicular to the 
axis of the apparatus, by the combined action of surfaces placed at an angle with 
the side axis. Prefers helicoid surfaces; using blades of two screws, one right 
and the other left handed, revolving on the same axis in contrary directions, 
entirely or partly within two planes perpendicular to the axis, so that they 
shall work within one another, and not beside or behind one another. 

PHIUP JOHN IiEOROS, 4 Queen's St., Southwark Bridge.— Hock- 
drill. (Provisional only.) Valve motion and feed are by a single double-ended 
lever worked by the piston, and brought back by two springs, or by two small 
pistons acting upon a projection on the lever shaft or on the lever itself. Dis- 
tribution of motive fluid by two pistons inside cvlinder, or by one or two slide 
valves. Motion of double-ended lever regulated by shape of groove in piston. 
Rotary and feed ratchets are upon the pnnciple of friction wheels ; one being 
a grooved cylinder, and the pawl being part of another cylinder fitting these 
grooves, and turning around an axis so placed as to release all friction when 
ratchet turns in one direction, and increase it when direction is reversed. 
Chuck has a collar protecting the bottom of the piston from blows, and carry- 
ing screws acting upon a st^l piece holding the bit. Machine is fixed in a 
split hinged clamp collar carrying the cup receiving the drill. 

THOS. WARDIJB ASQUTTH and RIOHD. DONALD BAIN.— 

(Provisional.) Boring machinery for mining. Boring shaft passes through 
and is supported within axle of a chain wheel carried bv a earner, and driven 
by a smaller wheel upon the same carrier. Motion may be given to the latter 
wneel by a winch handle, and transmitted by an endless band or chain. Boring 
shaft has two key wavs along its whole length, into which fit loosely two keys 
from the interior of the hollow axle of the first wheel, so that when this rotates 
the boring shi^t does. Fed by a box nut on the inner side of the carrier, also 
forming an abutment to receive the thrust of the boring tool. 

JOHN TWDEDY, Sunderiand, Durham.— Drilling machines. Main 
upright has a guide of the form of a sector of a ring, to keep the drill radial, 
ijrangement of wheels and sliders, by which a revolving shaft with lengthwise 
axis fixed with regard to the main upright in a direction parallel or nearly so 
to the chord of the arc described by the saddle in its traverse over the circular 
guide, may drive the drill spindle, the position or direction of which varies in 
the same or in a parallel plane. To arill holes radially in circumference of 
cylindrical bodies. Article to be drilled is supported on wheels. 

WILUAM WAULACB DUNN, San Francisco, Cal.— Rock-drill. To 
prevent drill edge wearing awav, drill end has wings or projections upward 
from the cutting edges, so that tney form a support and guide. 



UPWARD.— (Provisional.) Boring apparatus for rescuing en- 
tombed miners. Drill passes through a packed ^land m the centre of a hollow 
chamber fitting tightly on a cylinder. On the side of this cylinder there is a 
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May 19, 1877. 
No. 196S. 



July 11, 1877. 
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July 20, 1877. 
No. 2774. 



July 26, 1877. 
No. 2863. 



Aug. 28, 1877. 
No. 8272. 
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slide yalye moTing across the cylinder after the hole is made through the coal, 
and the diiJl brought up into the hollow chamber. Just below sfide valve is 
flangpe to make tight joint between chamber and face of coal or rock, by a soft 
paclung. 

WTT JiT AM ROBERT TiART], Comm nnication from BDWARD 
STBVfiNS WINOBGBSTBR and HARVXI7 OUIFP PLAaLXIR, Boston, 
Mass. — Bock-drills. The main cylinder has an exterior screw thread in a 
spherical holder fastened to the column, thus diq)ensinff with the feed screw. 
Holder is held in a clamp or socket. Cylinder turned by a ratchet and an 
eccentric and the shaft rotating the piston. Pawl is pivoted to a bar sliding 
throuffh the holder through which the cylinder is fed. 

Motive fluid is introduced into the cylinder through hollow collar connect- 
in^ with steam or air passages in the cylinder head, and moving lengthwise 
with the cylinder, but not rotating with it Rear end of the cvlinder has a 
shoulder against which the cylinder head is tightlv pressed hj a sleeve screwed 
into the front of the cylinder, and having several sleeves and rings between them 
to hold the cylinder head rings and sleeves in place. There are buffers in an 
extension of the cylinder and outside of the steam cylinder. Buffers are elastic 
rings having a metallic partition between them. 

WTTiTiTAM ROWUBS, Rickmansworth, Herts. — ^Apparatus for boring 
wells. Wrought iron cylinder divided bv a partition into two chambers, the 
upper to contam the mechanism, and the lower the debris. The lower end has 
a circular rim larger thamthe cylinder, and containing boring tools. This end 
has an india rubber valve allowing the debris to rise fast. Boring chisel is 
fixed in bayonet slots. Apparatus is jumped at the end of a rope attached to a 
swivel by clutehes, and the torsion of the rope causes partial rotation of the 
whole. 

BDBCUND EDWARDS, 40 Southampton Buildings, Chancery Lane, 
London.— Rock-drills and air-compressors. Annular grove in the piston rod, 
with tapering edges. There is a small supplementary cylinder having three 
ports, of which the two outer ones open into tne main cylinder and the centre 
with the supply of motive fluid. Inside the smaller cylinder there is a slide 
valve, driven by a bar i^inst its back, and having at each end an opening fit- 
ting the outer ends of two bell crank levers with their inner ends projecting 
into the main cylinder. These levers are actuated by the inclined edges of the 
groove in the main piston. 

Two compressing cylinders, side by side, are open at their upper ends. 
Each has a piston, and sete in a cistern of cold water, the water beins^ at such a 
level that wnen the piston is at the bottom of its stroke the water will enter the 
cylinder above it. Between the two cylinders there is a 4-way cock, two porte 
opening it into the lower ends of the two cylinders, one to a pipe through yhich 
tne motive fiuid is supplied, and the other to the delivery pipe. The plug of 
this cock is connectea to the revolving driving shaft, so as u) make one revolu- 
tion while the driving shaft makes two. 



AUaUSTB ALBZANDRS OOUBERT and NATHANIZ2I< 
WATX2RSSAN PRATT, Brooklyn, N. T.— Rock-drilL Piston has variable 
area upon opposite sides; live steam acting upon smaller side for working blow ; 
exhaust being discharged at the next wowing stroke. Automatic friction feed. 
Telescopic lug with clamp and key. Weights supported upon the lower jointe 
of the tripod by adjustable collars with lateral stems receiving set screws. Trunk 
piston and tappets. Valve has yielding spring stop. If piston overruns, valve 
motion opens live steam port and cushions piston. Feed tappet gives quick 
motion during latter part of every working stroke, and second tappet gives 
slower motion in the opposite direction to advance bit during return stroke, this 
feed being determined oy the depth to which the tool at the preceding blow has 
penetrated the material. 

JOS. R08BBT and WBC BALBSSR, Newcastle on l^ne.— Boring 
machine. (Provisional.) To drill several holes contiguous and in line. Sys- 
tem of gear wheels rotates four boring tools in a horizontal line. Above the 
centre of this line one boring tool drills a hole for blasting charge. Near their 
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Sept. 18, 1877. 
No. 8510. 



Oct. 23, 1877. 
No. 8921. 



Oct. 80, 1877. 
No. 4027. 
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No. 4038. 



Nov. 17, 1877. 
No. 4816. 



Dec. 20, 1877. 
No. 4841. 




drill points the tools are oonnected by a *' combiner" to prevent them swerving 
or from clashing. 

TH08. BROWN JORDAN, Queen Victoria St., London.~Pneamatic 
drilL Improvement on Patent 440, Feb, 2. 1877. Peed by screw on the upper 
part of the drill bar ; and fitting on the latter, a long nut free to turn in the lift- 
ing block. The upper part of this nut slides the length of the stroke to answer 
through a miter wneel turning upon the nut. This miter wheel is operated by 
another miter wheel on a shaft with the hand wheel The lift block and tool 
bar are turned bv a cam as described in the former specification. If the nut 
wheel is clampea bv the nut the tool bar is fed on, and the rate of feed depends 
upon the amount of clamping 

» 

JNO. DRTSDAUEI and RODBRIOK WAIiTBR BATNE8, HUl- 
bank, Plymouth, and MR. JNO. 8NAWDON STONEHOUSB, Devon.— 
Multiple drilL (Provisional protection only.) At the upper ends of the spindles 
there are crank arms inclined to the spindles, and all inclined in. the same 
direction. These crank pins are parallel with the spindles and enter holes in a 
disc having circular motion from a crank, without rotation. Rotation of the 
driving crank rotates all the drill spindles. 

ER NBBT DB PASS, Fleet Chambers, London. Communication from 
ARVID HENRY BLUOT, N. T. —Percussive rock-drills. (Proyisional 
protection only.) There are but two movable pieces, valve piece and piston. 
Ordinary D valve is made circular, and has at each end a piston tumea to fit 
the valVe box and having a ^de to prevent turning around. Valve box has 
exhaust ports for the valve pist(m, carried across and to opposite ends of the 
box and leading into the steam cylinder. Valve box has rubber cushions at 
each end, prot^ted by steel plates. Rotation is by a fluted bar. 

T HBO DORB FROZJOH, 26 Fenchurch St., London. Communication 
frcHn JUIiiaS FROUOH, Dn88eldorf.~Percnssive rock-drillB. There is a 
slide valve fixed between two pistons received in corresponding cylinders con- 
nected bv a passage with the main cylinder. 

Eacn valve cylinder has a vent to let the air escape when the connection 
with the main cylinder is cut ofiF ; the size of these vents measuring the speed 
of reciprocation of the main cylinder. Feed automatic by a screw and nut, 
having ratchet teeth. Rotation by fiuted bar having ratchet clutch head engag- 
ing with a clutch npon the head of a plnnger or ram worked by compressed air. 



JOHN ALBERT B BINH OIiD BILDBBRANDT, Communication 
from FRBDBRIOK PELZER, Dortmund, Oermany.— Percussion rock- 
drilL (Provisional protection only.) Ordinary D valve, rod actuated by two 
levers centered near the end of the piston rod; when near the end of its stroke, 
one end moving freely in a slot in the rod, the other coming in contact with a 
nut on the piston rod. There are buffers at each end of the valve chest. Feed 
and rotation of tool by a side lever having a crank end working in a slide to 
which are attached the clacks turning the ratchet wheels ; one sitting on a 
square rod working into the piston rod, and the other fixed on the nut of the 
feed screw. Crank lever is pressed by a spring and slides upon the piston rod. 
Bore is cleared by water passing through a groove or passage in the stem of the 
tool shaft, which' last passes through a reservoir of water. 

JA8. KERGUUjAND, Wesminster Pakee Hotel, Victoria St., West- 
minster.— -Diamond boring. The diamonds are set in steel plu^ or holders, 



aided by solder, pins, or screws. This can be used in crowns or bits of different 
sizes. The diamonds are set in separate rings adapted to the crown of the tube, 
and set by forcing into taper holes in these rings or in the plugs. Cross-head 
is guided in its vertical motion by two pillars, one of which admits one end of 
the cross-head turning upon it, and the other has a guide surface; one end of the 
cross-head will be free of that pillar, while the other may turn upon the other 
pillar, thus clearing the drill from the line of the hole. To retract the drill bars 
or lining tubes there is a bvdraulic cylinder with an annular space with a cor- 
responding rin^ piston. The adjustment of the counter weight to the boring 
rod may be varied, by having the chain or band which supports the drill rod 
connected to and wound on a dram to which there are several wheels of differ- 
ent diameters and speeds. Speed of drill regulated }aj a hydraulic brake. The 
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No. 1944 
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crown or bit is formed as part of a turbine wheel, set in motion by water sent 
down tubular rods. 

JONATHAN HARRISON, Ck>alyille, Leicestershire. — ^Wedging appara- 
tus for breaking down coal. Two grooTed metal pieces or feathers. A com- 
bined metal WMge, circular in cross section in front, circular and rectangular 
in the middle portions, and in cross section in the back portion. The two 
feathers are placed in the wedge hole in tha coal and the combined wedges 
driven in. 

WAZiZiACll DUNN, San Francisco, Cal.— Rock-drill. Valve consists of 
a valve proper on the carrier in a case, arranged across the cylinder. Valve is 
moved bv steam pressure on the ends of the carrier, which are fitted as pistons 
in the cylinder casing. Valve is half round and adjustable for wear. There is 
a pusher to act as a startine^ pin used by the attendant to warn attendant when 
feed requires adjustment, there is a pulse piston; the small cylinder along side 
of the main cylinder having a piston with a rod arranged to ring a bell when 
the drill requires feed. \\^en the drill is bein^ fed the bell's piston will not be 
moved, but when Uie main piston of the machme is driven too far, ports will 
be uncovered by it and the small piston given to and fro motion. 

There ma^ be an automatic feed mechanism at the side ; the case within 
which is a cyhndrical valve moving therein, and working the lever on a rod at 
right angles to it. Outting edges of the bit converge. Column bears a chain 
passing over the sheave at the upper end of the pillar, to facilitate raising the 
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machine. There is a rotating coupling box having a projecting arm from each 
side, each having a box coupung with two apertures in its face, from a trunnion 
upon the machine. Rotation a slight improvement upon that obtained May 25, 
l676, No. 2208. 

BRNBST DBF A88, London. Communication from HXSNRT BUiZOT, 
N. Y. — Percussive rock-drill. A valve moves upon a rod or belt within* its 
valve box, having a ffuide to prevent valve from turning. Exhaust Eteam or 
air from opposite ends of the valve may be controlled by a groove or recess in 
the main piston. Valve controlled by exhaust steam or air from opposite ends 
of the valve box, without any connection with the steam or air in either end of 
the main cvlinder. Rotation feed by fluted bar, and screw automatic feed 
of cylinder oj spring and pawl forcing feed nut to revolve upon the feed^ screw 
when piston m its upward stroke is out of contact with the beveled projection 
upon the shaft. Tnpod having two lugs from the body of the machine ard one 
from a yoke above the pack head, and bearing the feeding screw nut. 

JNO. ALBERT RBINHOZiD HI LDB BRANPT^ Manchester. Com- 
munication from FRXnOBRIOK PHUSBR, Dortmund, Germany. — Rock- 
drill. Slide valves worked bv tappets tripped by a boss upon the piston rod. 
Valve chest has buffers. Tool turned and drill f ea by side lever, with crank end 
working in a slide to which clacks are attached turning, ratchet wheels. One 
of these sits upon a square rod working into the piston rod, the other is fixed 
upon the nut of the feed screw. This crank lever is pressed by a spring upon 
the same boss which moves the slide tappets. To remove tlie bore dust the 
cylinder cover is formed into an annular casing, and the piston rod has an in- 
ternal passage running from the socket and opening into the annular passace. 
The drill has an internal passage openinfl^ near the cutting edge. The annular 
chamber is supplied with water oy a fiexiole tube. 

GBO. FORSYTH, Lancaster, and BDMUND BARNB8 UI«VBR8- 
TON, Lancaster. -—Percussion drill. Central feed screw is hollow, to convey the 
motive fiiiid. Cylinder is in a hoop connected to a tripod and to a cross-head 
carrying the nut for the feed screw. Cylinder and piston rod turn together, 
and are fed forward together. Piston rod has a hollow back continuation. 
Slide valve tappet is operated by a boss upon the piston rod. Legs are tele- 
scopic, and have feed steps for the attendant to stand upon. 

JNO. BROWN, 8R., 18 Rawlinson St , Dalton-in-Fumess, Lancaster.— 
Rock-drilL Piston and roid in one solid piece, with side grooves at the ends of 
the piston. S|>ring ring around the piston rod. working to and fro along with 
it, dispenses with a stuffing box. There are three ports in the oylin<fir for 
admission on the inlet side, and two on the outlet side. Pistons are driren to 
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TABLE 23. {Continued.) 



Date and Num- 
ber OF Patent. 



June 26, 1878,» 
No. 2572. 

Jane 28, 1878. 
No. 2598. 



July 5, 1878. 
No. 2696. 



July 29, 1878. 
No. 8012. 



Aug. 15, 1878. 
No. 8222. 



Oct. 18, 1878. 
No. 4152. 



Oct. 81, 1878. 
No. 4896. 



Jan. 10, 1879. 
No. 104. 



Name of Inventor and Brief of Drill. 



and fro and turned by compressed air acting upon or in the grooves at the ends. 
Pistons act as a valve. Motive fluid enters at a tangent, turning the piston. 

MARTIN MAODERMOTT, Scotts Chambers, Pudding Lane, London, 
and GEO. WM. BLUOT, Altrinchaw, Cheshire.— Drill turned and fed by 
some mechanisms. Incline for a ratchet may be set to any angle to vary the 
feed. If set to feed faster than needed the drill bar stroke will be lessened, and 
consequently the len&fth of the incline along which the ratchet lever travels. 
Drill bar npt is peculiarly split to form withdrawing drill without unscrewing. 
Body of the machine attached to frame or legs so that it can be turned around 
the axis of the driving shaft to any angle without moving the frame or legs. 

OARL PIEPBR, Dresden, Saxony. Communication from JAOOB 
FAHBR, Barmen, Prussia. — Hand rock-drill. Driving cam bears a cam disc. 
CoUar upon the driU spindle bears upon the cams; drill is driven forward by 
the compression of a spring. Drill rotation is given by having the spindle 
square in section, and twisted, passing through the nut, which is split so that 
it may be opened to draw back the dnll without running it back slowly. Drill 
feed is in the operation of raising drill ; screw thread upon spindle bein^ cut so 
that by turning the collar with nie nut, drill is advanced. Frame is universal. 

PETER JEN SEN, 83 Chancery Lane, London. Communication from 
LUDWia SOHRADBR, Essen, and JOS. FRITZ, Suelz-bei-Koln.— Hand 
rock-drill. Crank and gears work a cam against a bar or friction roller in the 
end of a forked bracket. There is a volute plate spring. 

RAPHAEL HITNTER BRANDON, 88 Southampton Bridee, London. 
Conmiunication from UBOPOLD TASKIN, Liege,~Tunneling horizontally 
by compressed air. To prevent the compressed air introduced in the working 
cylinder from escaping from the upper end of the cylinder, the head of the 
working cylinder is closed by a shield divided in two parts, one at the upper 
part at its. outer edge, and desoending vertically below the level of its akis, and 
the other further oack within the cylinder, and rising diagonally from the 
bottom to above the axis. Any water in front of the working cylinder can enter 
the latter only. 

ERNEST aUSTAVnS REUSS, Manchester.— Drilling holes in coal or 
rook. To drill holes with great accuracy in coal, the drills have cutting edges 
intended to cut off a shaving like the plane iron. Four holes, one to two in^es 
diameter, the cutters may te in the form of two wings projecting from the stem 
with their edges sot forward in the plane of rotation, Hont sides sloping back 
from the edge, and their hinder sides rounded off obliquely to give ample 
olearance. 

For larger drills the cutters are set in slots in a head. Large drills may 
have in the front of the head a starting drill, although it is preferred to use the 
smaller drill with cutter wings. For deep holes the lon^ stem is made of short 
lengths screwed together. The short dnll is run in to its full depth, then the 
stem is unscrewed, leaving it in the hole, and the next length is screwed on, and 
the boring continued and so on. To sXeaAj the machine there is a strong disc 
with set screws, and having through its middle the screwed stem with a nut. 
On this stem are tapered grooves with greatest depth towaid the front end of 
the stem. In each groove is a key with a keep head. Boring the holes say one 
foot deep, this screwed stem is inserted, the key driven, and the face plate 
tightened b;^ the set screws. The drill machine is fastened to this stem oy a 
umversal joint 

EDWARD JONES, Caerphilly, Glamorganshire.— Drilling holes for 
blasting. Void for informality. Utilization of the streams of water which 
flow down the sides of mountains and quarries, in driving turbines by which 
drills are driven. 

HENRT RIOHMANN and URIAH XUNE ARNOI^D, San Fran- 
cisco, Cal. — ^Direct acting engines and drilling apparatus. Piston contains 
valve concentric with itself, and reciprocating motion in same direction with 

Siston. Tripod legs are screw thieaued and extensible. Cylinder rotates with 
riU. 



Published 
Descriptions. 



* This description was misplaced by accident, and will be found on page 987 
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TABLE 23. {Continued.) 



Date and Num- 
ber OF Patent. 



March 8, 187D. 
No. 928. 



May 7, 1879. 
No. 1809. 



June 7, 1879. 
No. 2258. 



June 24, 1879. 
No. 2258. 



Oct. 10, 1879. 
No. 4097. 



Nov. 1, 1879. 
No. 4455. 



Nov. 8, 1879. 
No. 4472. 



Name of Inventob and Brief of Drill. 



TOM BEIiUNOHAM, Docwra, Islington.— Steadying rock-drills. 
(Provisional only.) Drill bar, core tube, and after part of crown have tubular 
guides wit^ adjustable springs bearing against sides of hole. 

JAB. A. OULLAND, 6 Victoria St., Westminster.— Diamond drill 
Drill bar is supported in bearings, one of which is movable on a bed or frame, 
and is operated from the boring rod by spur gearing, worm, and worm wheel, 
and a rack pinion for the feed. Axis or shaft may rotate independently of the 
worm wheel, so that drill miy be drawn back quickly. HoUow drill bar for 
carrying water to wash out hole, supplied by pliable pipe between rolls. For 
undercutting the drill has a tube with slots, furnished with latches, arm^ 
with diamonds, and hung on pins, so that they may be thrown out by water 
pressure. 

OARZf PmPER, 74 Belle-Alliance Strasse, Berlin, S. W. PrussiA.- 
Hand rock-drilL (Invention did not proceed to a great sale.) Improvement 
details of Patent No. 2696: May 5, 1878. 

WM. IiOWBBR NSILIi, London.— Percussion rock-drill. (Provisional 
only.) Piston, with upper portion smaller than the lower, is inclosed in cylin- 
der with interior corresponding in diameter with the piston. Motive fluid 
enters smaller cylinder continuously through inlet port, whence it passes by an 
air induction passage in the upper end to the lower end of the larger cylinder. 
This induction passage is opened and closed by smaller piston, and motive fluid 
does not enter tnerein until piston has made most of its forward stroke. Ex- 
haust opening from the iarser cylinder is controlled by larger piston. External 
air is drawn through the side of larger cylinder for an air cusnion. 

JNO. IM RAY, 28 Southampton Brid^, London. Ck)mmunication from 
OHA8. WM. BURTON, Paris. — Percussive hand rock-drills. Raising piston 
compressing air in cylinder above it. Leakaee counteracted, down stroke 
cushioned, oy enlarging lower part of piston roof to form a trunk with annular 
spaces around it, into which air enters through check valve during up stroke. 
Key is inserted to prevent piston rod from turning when drill is turned out by 
hand. 

MAX BIiUMENRBIOH, Berlin. — Hydraulic rock-drill. (Provisional 
only.) Cutter or boring tool is operated by the disc or water wheel directly 
over the part to be bored. A portion of tne water is used to force out the 
d6bris. Driving parts placed inside a tube which follows the cutters. 

OHARIiES LOUIS LAOARRIERB, Paris.— Digging, picking, or boring 
the earth. Carriage bearing revolving picks upon horizontal shafts, which dig 
out the earth, dropping it upon an endless apron. 



pvbushed 
Descbiftions. 



TABLE 24. 
Carriage List. 



1868 and 1865. 

1867. 

Sept. 17, 1872. 
No. 2756. 

1874. 
No. 1278. 



IiOW^S carriage is described in his patent above, p. 278. 

DOBRING. — Described in patent above. 

A, STUOKEY. — Frame, etc.', for mounting drills. 



BRYDON db DAVIDSON. 

BARTZiETT.— There is a cut of a carriasce proposed bj Bartlett to 
accompany his drill, in Stapff' s " Ueber Qesteinbohrmaachlnen," Plate II., 
Figs. 5 to 7. 
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TABLE 25. 
Other European Eock-Drillb not mcLUDED m the English List. 



Date ahd Num. 
ber of PATBirr. 



Name of Invektor and Bxuef of Drill. 



Fiance, Oct 15, 
1861. 



OAV^i at Paris, oonstrocted a rock-drill worked by oompreased air. 
(See Fig. 88 and description, p. 195.) 



Saxony, 1854. 
Feb. 17, 1857. 



Saxony^ Feb. 1, 
186a 



Triedbut not pat- 
ented, 1862. 



April, 1862. 



France, Feb. 27, 
1868. 



Published 
Dbscriftioks. 



80HURKAMN. (Fig. 82.)— This machine is antomatio 

Percussion machine, compressed air. 
Valve, four-way cock, bv hand. 

Rotary motion. Thread on fly-wheel siiaft working in gearing on piston- 
rod. (See Stapff, pp. 132 to 145, FJat« V., Fig. 1.) 



Percussion drill. 

Valve sliding by hand. 

Rotary motion by screw on fly-wheel shaft. 

Advance by hand, special crank. (See Stapff, Plate V., Fig. 2.) 



Automatic machine. 

Valve motion by special auxiliarv cylinder. 
Rotary motion by screw on fly-wheel shaft. 
Advance by hand. (See Stapff, Plate V., Fig. 81.) 



OASTBIaAIN.— Both Rziha and Stapff take from Devillez, " Des Tra- 
vaux de Percement," etc, p. 244. Drill pressed upward by a cam on shaft 
turned by steam-engine. Drill forced downward by powerful spring; 90 
to 100 blows per minute ; lift, 0*10 m. high ; hole drilled per minute, 0*&i5 m. 
deep. 

BffAROXSUiIS«— Stapff takes his notes of this drill from the <* Annales 
des Mines/' 1862, vol. ii., p. 876. Drill attached to piston of a cylinder closed at 
one end. Drill raised by a cam attached to shafting moved by an engine. 
By raising drill, air behind the piston in cylinder compressed. 

DE IiA HATB.^ — The drill is attached to a carriage consisting of two 
cross-shaped frames/, running on rollers on a guiding rml, the ends of which 
rest in two adjustable posts. The wa$;on and drill attached are run forward 
and backward by hand. An automatic contrivance for the rotating motion is 
attached. Wei^fht of- wagon and drill, 85 kilo. 



See RKiha, " Ei- 
senbahn- Unter- 
und Oberbau," p. 
351. Also Stapff, 
•* Ueber Gestein- 
bohrmaschinen/' 
p. 53, and PI. I., 
Figs. 25 to 29. 
Stapff*s authori- 
ties on Cav6 are : 
Armengaud's 
" (il € n i e Indus- 
trie!," 1852, p. 
129; Dingler's 
" Polyt. Journal." 
1852, p. 327; 
"Bhiletin de la 
Society d'Encour- 
agement pour 
rindustrie min- 
erale," 1868, No. 
182; "Berg u. 
Hdttenmftnnische 
Zeitung,"1864, p. 
147. 

Stapff, "Ueber 
Gesteinb.," p.l82. 

Stapff, " Ueber 
Gesteinbohr," pp. 
182 to 145. Staphs 
authorities on 
older construc- 
tions are Gerlach, 

Jahrbuch f tl r 
den Berg und 
HtLttenm&nn.," 
1861, p. 206. U- 
ter construction: 
Sjoegren, " Jem- 
kontorets anna- 
ler," 1863, p. 368. 
No carriage for 
first drill. (See 
also Rliha," Tun- 
nel baukunst," pp. 
138 to 185.) Later 
a wooden carriage 
used (see cut, 
Stapff, PUte IX., 
40 and Ah), 

RXiha. " Tun- 
nelbaukunst," 
etc, p. 183. 

Stapff, "Ueber 
Gesteinbohr," p. 
48. 

Stapff. "Ueber 
Gesteinbohr," pp. 
48 and 4d. 

Stapff, "Ueber 
Gestemb.," pp.49, 
50, and 51. Cuts, 
Plate I., Figs. 8 
to 16. Stapff's 



eUBOPEAN PATENTS. 
TABLE 25. {Continvsd.) 



Kakb df Irtkhtob akd Brikf op DriUi. 



ftntbority; " Bul- 
letin de 1ft Socii' 
t£ de riodaetrie 
mfnenle," Tome 



Tiii., 



> 4, 



Sweden, Har. SI, 



OHR. a. BAB^SBLSOH.— Hkmnier madiiDe. 
m^inBt drill by preBsare of Rprlngr. 

Result ; Hammer treliiliiDjF 9 lbs. mode a bole 3 feet deep 
wliils a mioer can mske 4 to S feet Id ten liaurf, same rock. 



Hammer la driveu 



180S; 

UniTerselle." 

pp. 282 and 

"Berg u. 

HQtt. Zeitung," 

1884. No. 8. 

~ ~ Uebep 
Qesteinb,." p. 48. 
CutonPI. r.,F1gB. 
22 and 23. StaplTB 
aatkortty : " Port 
loch Inrikei Tld- 
nionr," No. SO 
{AU8A3. 
some time wltli' Stapff, " Uebcr 




Fra. 116. 
THE BACH8 DRILL. 

Bdinmann'B maeblae at Altenberg Moresiiet, with frequent ftlteratloDS, BacliBlGeBtelnbohr," pp. 

oouatracted the foUawiDK macliine : 180 and 161. (See 

Vah* motion. — Advancin); piatonof working cylinder carries nith Uftbar.jalsocutsinStapS, 

Ul«cbed to the back part of pialon bj a joint. A lever moves the alidingPI. IX., Fi^ ~ 



valvf 



PI. 



ITl., 



wbo built tbem firat. 



Eolating motion. — Same lever baa an attachment whicb raises and pretsee.Fifte. 10 to 2' , 
down a iHr, to wbicb are attached two panis movinpf ratcbeta. By tbem the Kzlba, " Eisen- 
rotatioy motion iB egnctpd. The odeattM iB effi-cted with the aidofaacrew. ibaUn-Uoter- iind 
Bacbs' machine 1b by some called the Tigltr, the name of the machiniBtOberbna," p. 886. 

|(Ses also cuts Id 
maiia. Figs. 22, 
J28, and 24.) 

-A modification of SchwarzkopS's drill. Drill attached to plstonl Slapff. " Ueber 

of working cylinder. Used at BinKen-on-tbe-Rbine. Gestelnb.," p. 61. 

Erbkam'B "Zeit- 
Jchrift IHrBatiwe- 
ken," 1887; -Poly, 
nechnisches Cen- 
trmlblaiC 1867; 
rBerg. u. HUtlen- 
mBnn. Zeitun^r," 
11867 ; Dingler's 
I" Poljt. Journal," 



• The •ntbor fi Indebted for ci 



to (bo " Hnmboldt " Compinf of i 



Il867. 

. Tbli CompUly eabminently 
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TABLE 25. {Coniinned.) 



Date and Kum- 
BBR OF Patent. 



Sweden, Dec. 4, 
1865. 



Name of Inventor and Bbief of Drill. 



1865. 



BBRGS^ROM. — BerffstrOm'smacliiDeisan improyemeot rn Schumann's. 
After a succession of trials with other constructions, Mr. BergstrOm built the 
one patented in 1865. 

Valve motion, — Besides the working cylinder, there is an auxiliary cylinder, 
which does double work. It has two pistons, which, in striking the sliding 
valve with nuts attached to their common rod at some distance from the pis 
tons, cause the valve to move forward and backward. This valve distributes 
the air for l>oth cylinders. The piston-rod of the auxiliary cylinder bears a 
cross-piece, which, with the aid of the rod8» turns the fly-wheel. The fly-wheel 
shaft is fitted with a screw, which acting upon a cog affords the rotary motion. 
Hand.feed ; weight 130 lbs. 



Published 
Descriptions. 



FONTBNAYd — ^Long working cylinder, admitting of great variation in 
stroke. Extra cushioned blow. Sliding valve moved one way by compressed 
air, pushed back by three-cornered eccentric. Rotary motion by ratchet and 
pawl. 



Stopff. ««Uebef 
Gesteinbohr./ pp. 
168 to 180. Also, 
" Post och Inrikes 
Tidningar," No. 
4, 1866; **Engi. 
neer," SeptemMr, 
1867, p. 261. "En- 
gineering," Sept. 
§0, 1867, p. 261. 



Invented 1865. 
No patent issued. 



1867. 



8TAFFF« — Working piston hollow, serves only to move slide-valve. In 
the hollow piston there is a second piston with the drill attached. Thereby 
automatic advance is gained for six inches. Second piston-rod is also hollow, 
and grasps at back a twisted square bar, fixed immovably thus giving rotation. 

DB Z«A ROOHE TOLAT.— Rotary drill. Diamond bit. Bit pressed 
against rock by piston in spiral cylinder. Rotary motion effected by Ferret's 
hydraulic pressure engine. Piston-rod is six-cornered, and is hollow ; water 
passes through it to wash away dust in the bore-hole. 



1878. 



1875. 



AZZOUNA DSL AOQX7A.— The valve is a cock- valve, like the one 
first used on the Burleigh American drill. The feed and rotation are on the 
same general principle as tlib Brooks, Gates, and Burleigh drill (American 
patent. No. 52,9iS0), the drill beinj? attached to a central screw and rotation, 
and feed performed by rotating the screw. 

TURRZITINL — ^Valve motion effected directly by piston movement, similar 
to "Darlington ;" rotation of drill effected by pressure of air ; the advancing 
mechanism is based upon the principle of the reaction of the eomprested air, 
which renders the advance exactly proportionate to the growing depth of 
hole ; the arrangement is entirely without any delicate parts of construction, 
leading so frequently to repairs, (See Wood & Robinson's drill, American 
patent, No. 71,829.) 



SUpff , " Ueber 
Gesteinbohr.,'* p. 
118. Cuts in 
Stapff, PI. I., pp. 
39 to 42. 

See also "Prac- 
tical Mechanics* 
Journal," 1865, p. 
101. 

Stapff, "Ueber 
Gest.,^' p. 177. A 
cut is given in 
Stapff, Plate VI., 
Figs. 4 to 7. 

Zwick, *'Neuere 
Tunnelbauten," p. 
65. Cuts 21 to 25. 

Stapff, <* Ueber 
Gestelnb./' p.280. 
Cuts, Plate X,, 
Figs. 9 to 11. 

Pamphlet on 
'* Perforateur k 
rotation et a pres- 
sion directe de M. 
De la Roche To- 
lay, avec appli- 
cation du moteur 
£ pn*8sion d'eau 
de M. F. Perret. 
Bordeaux, Mars, 
1867." Also a re- 
cent very clear 
and well illustrat- 
ed description of 
this drill has been 
published in De 
Bauve's ** Manuel 
de ringenieur," 
Part XIL, p. 2. 

lUEiha, '' Eisen. 
bahn- Unter- und 
Oberbau," p. 375. 
Cuts 84 to 87. 

Riiha, " Eisen- 
bahn- Unter- und 
Oberbau," p. 885. 
CoUadon, "Die 
Maschinen Arbei- 
ten St. Gothard 
Tunnel." 

Max Kraft, 
"Oesterreichische 
Zeitschrift far 
Berg nnd Hiitten- 
wesen." 1874. 
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TABLE 25. {Continued.) 



Date and Num 
BER OF Patent. 



1877. 



Name of Inventor and Brief of Drill. 




«u^w««r «»«JZQBR.— Used in RothBckOnberg Tunnel. Differential 
valye-piston (balance-piston) operated by the working piston. Adjustable ex- 
..-..-s^« /u« W......O «# screw in head of the valve-cylinder). Rotation by friction 

Dgs or other gearing. 



yaive-piBion ^uwanoe-pisioD; operaiea oy i 
pansion (by means of screw in head of the 
apparatus, without cogs or other gearing. 



R. 80HBABC— See published descriptions. 



OHABCPONNOia— Rotary ratchet-drill. 



TiTBBWT — Rotary drilL Machine attached to an iron pillar constructed 
of two parts, which may be lengthened and shortened at pleasure. Lower 
half of pillar notched to receive axle of drill. Advance automatic: Drill ro- 
tated with aid of gearing when hardness of rock requires it. 



USBBT ib JAOQUJU'l'*— Lisbet's machine simplified. Has been used 
in French and Belgian coal mines (Anffin, Seraing) ; also in Silesia n 
mines; rejected at SaarbrQck. RSiha, in hia " Eisenbahn- Unter- und Ober- 
bau," p. 355, gives the results of trials made with a Lisbet drill improved upon 
by Hagansand Von Balzberir ; his data being taken from the " Berg und Hat 
tenmiinnische Jahrbuch," 1873. 

drill similar to Lisbet drill. 



ABBQO ib RIGHARD8.— Rotary drill. Simple ratchetdriU. 



VZZiUSPIGITfi^— Perforator. Rotary drill— worked by hand. 



Published 
Dbbcriftions. 



Quite a recent 
machine. D e- 
scription with 
cuts in the " Tek- 
nisk Tldskrift," 
Stockholm, 
March, 1877. 

Also see " Die 
modeme Spreng 
teknik mit ihren 
wesentlichen 
Hilfsmitteln 
Bohr. und 
Schr&m- Maschi- 
nenen/' etc, by 
Julius Mahler 
(Vienna, 1876), p. 

StapfT, "Ueber 
Ge8teinb.."p.236. 
Cats in Stopff, 
Plate XI., 29 and 
80. Also see 
Dingler's ** Polyt. 
Journal," 1856, 
vol. cxlii., p. 00 ; 

Annales d e s 
Mines," vol. viii., 
p. 97. 

Stapff, "Ueber 
Oe8teinb.,''p.238. 
Cuts in Stapff, 
Plate XL, 1 to 
17. Also see Devil- 
lez,**DesTravaux 
de Peroement," 
p. 228. Also 
"Bulletin de la 
8oci6t^ del'Indus- 
trie minerale ; " 
** Revue univer- 
selle,'* 6 ann^e, 8 
livr., p. 816. Also 
"Practical Me- 
chanics' Journal," 
Dec.. 1867, p. 266. 

Stopff, "Ueber 
Oeste]nb.,"p. 242. 
Cuts in Stopff, 
plate XL, 16 and 
17. 

Riiha, " Tun- 
nelbaukunst," p. 
165. Cuts in 
Riiha, Fig. 94. 

Stopff. " Ueber 
Gesteinb.," p. 244. 
Cute in Stapff. 
Plate XL, 26 and 
31 to 84. 

"Engineering," 
vol. X., p. 268. 
Oct. 7. 1870. 
(With cute.) 
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CHAPTER VI. 

The Application op Machine Rock-Dbujls and High Explosives in Modern Tunneling 
— Examples of Six Leading Tunnels : Nesquehoning, Musconetcong, Hoosao, Sutbo, 
Mt. Oenis, and St. Gothaed. 

At the close of Chapter IV. will be found some notes on heading and tunnel-driving 
through rock, by hand labor, and with black powder as an explosive. We will now consider 
the application of machine-drilling in the Nesquehoning. Musconetcong, Hoosac, Sutro, Mt. 
Cenis, and St. Gothard tunnels. For the details of tlie rock-drills and compressors men- 
tioned, see Chapter V. Of the above tunnels, the Nesquehoning was driven wholly with 
black powder; in the Musconetcong Tunnel, dynamite was used; Hoosac was started with 
black powder, some dynamite was tried, but pure nitro-glycerine and Mowbray^s mica powder 
were preferred ; Mt. Cenis was started with black powder, and subsequently dynamite was 
used. At Sutro dynamite, and at St. Gothard dynamite and gum dynamite were used (see 
p. 91). 

With regard to the use of machinery for drilling rock, no certain established rules can as 
yet be laid down as to when and where its best application will be found ;. nor would it be 
even safe in this chapter to give the results obtained in the above tunnels, typical as they 
may be considered, without at the same time presenting in full the histories of the tunnels 
themselves, and a view of all the circumstances under which the application of rock-drills was 
made. Thereby taking all the advantages and disadvantages of time, position, opportunity, 
etc., into account, some general idea may perhaps be formed of the relative part played by 
machinery as compared wftli hand labor. 



PART I. 



THE NESQUEHONIKG TUNNEL. 

was the second railroad-tunnel in the United States in which machine rock-drills were 
adopted. (We shall hereafter see that machine-drilling was first practically applied on a 
large scale in America at the Hoosac Tunnel.) Nesquehoning was not given out on con- 
tract^ but was built directly under the superintendence of Mr. J. Button Steele, chief engi- 
neer. The author is indebted to Mr. Steele for the following account of the construction oJ 
the tunnel :* 

Nesquehoning Tunnel, in Carbon County, Pa., is a work of the Lehigh Coal and Naviga^ 

*A preliminary paper on Nesquehoning Tannel, prepared daring its construction, was read hj Mr. Steele 
before the American Society of Civil Engineers, June 2l8t, 1871. (See Transactions American Society of Civil 
Engineers, No. 29, June, 1871. Thispaper was republished in Van No8trand*8" Eclectic Bfagasine," vol. v., p. 650.) 
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tion Company. It pierces Locust Monn tain, and connects the railroad inNesqaehoning Valley 
with the extensive coal operations of the company in the valley of Panther Creek. Formerly 
this coal found its way to market by that interesting system of inclined planes and gravity 
roads known as the '^ Switch-backs of Manch Chunk," which commanded the admiration of 
travelers for more than forty years, not only on account of the beautiful scenery which its 
route displayed, but also from its early and admirable adaptation to the purpose for which it 
was designed. It, however, became worked up to its capacity, and in arranging to extend 
their coal-mining operations, the company wisely determined to-avail themselves of the loco- 
motive, which had its practical development since they were the pioneers in railway enter- 
prise. (See Chap. I., p. 25, for the early history of the Lehigh Coal and Navigation 
Company.) The tunnel passes through the base of the mountain at an elevation of some 
fifteen feet above the water on either side, and five hundred and forty feet below the crest, 
and cnts the strattK at right angles, where they have a south dip of forty-five degrees. Its length 
is 3805 feet, of which 1305 feet are through the coal-measures, with all their various strata 
of coal, coal shale, sandstone, and conglomerate, 1200 feet through the conglomerate forma- 
tion, with its occasional strata of coal slates and sandstone, 1000 feet through the red shale, 
with occasional strata of sandstone, and 300 feet, at the north end, through the debris and 
soft and decomposed red shale which is found overlying the red shale formation. It has 
encountered in its progress as hard and as soft material as is often met with in tunneling. 

The geological section, Plate I., will show the strata encountered in detail, also the 
mode of operating, and the monthly progress in the several descriptions of work. 

An old mining tunnel, which penetrated the coal-measures from the south end, was 
utilized as a ready- worked heading for a distance of 1200 feet, leaving 2600 feet of the pris- 
tine mountain to be penetrated ; and an air-shaft, which had been worked out upon the dip 
of the mammoth vein at the extremity of the mining tunnel, was enlarged and used as a 
hoisting slope for a portion of the excavated material, and to facilitate ventilation. The 
work, therefore, consisted of enlarging the mining tunnel for a distance of 1200 feet, and of 
driving a new tunnel a distance of 2600 feet. 

The section of the tunnel in solid rock is 16 feet wide and 19 feet high ; but where 
arching is required, the full width for a double track is taken out, that a future enlargement 
may be made without disturbing the arches ; and to secure a more thorough ventilation, the 
grade lines are so arranged that their extension from either end will pass out below the apex 
of the portals. They were also so arranged to produce sufficient drainage from either end dur- 
ing the progress of the work, but unlooked-for delays at the north portal (which will be 
hereafter referred to) made it expedient to do the major part of the tunneling from the south 
end, and caused the headings to meet midway between the summit and the north portal. The 
headings were driven at the bottom with the full width of 16 feet and a height of 8 feet, 
which gave the opportunity of either extending the heading from the south end, after passing 
the summit upon the southern grade, and thus maintaining a natural drainage, or descending 
on the northern grade and using pumps ; the former was preferred, and hence the meeting of 
the headings at different levels, that will be observed upon Plate I. 

After mature investigation, it was determined to use the Burleigh drills, driven by com- 
pressed air. With the advantage of the experience at Mont Cenis and Hoosac, as far as it was 
accessible and applicable, better results should have been obtained as to cost and progress than 
attended either of those works in their early stages. Mr. Steele is of the opinion that hand- 
drilling is incapable of penetrating the conglomerate formation met in that portion of the coal 
region with the economy and rapidity which is necessary to meet the present demands of cap- 
ital. The whole work was done with six of the " two-drill" compressors made at Fitchburg, 
Mass., and with sixteen rock-drills. As much as one half of the rock-drills, on an average, 
were constantly in operation, and sometimes two thirds. 
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The explosive used was gunpowder, ignited by the electric spark ; but the requirements 
of ventilation and the hardness of tlie rock demanded powder of the highest government 
standard. Some doubt which still existed among engineers at the time Kesquehoning Tunnel 
was stai'ted as to the economy in the use of the more powerful explosives, when the cost of 
drilling was reduced by machinery, and their supposed greater danger, witli the then existing 
ignorance of workmen of their use, caused them to be rejected,* American steel was used, 
as several of our own makers produced a better and cheaper article for the purpose than 
could be obtained from abroad. 

An iron pipe, six inches in diameter, conducted the compressed air from the compres- 
sors to the drills, a maximum distance of 3800 feet, with a loss of elastic power of about ten 
per cent. The average temperature of the tunnel was about 56° P., and the average air- 
pressure in working the drills about 45 lbs. per square inch, each drill being supplied by an 
elastic pipe of one inch in diameter. A slight congealing of the vapory particles of the 
atmosphere was observed about the exhausts of the drill-engines ; but with the temperature 
and pressure above referred to, no inconvenience from that cause was experienced. The 
hoisting-engine at the head of the slope upon the mammoth vein was supplied with water by 
a small steam-pump, driven by compressed air from the general air-conduit, which was 
placed at the foot of the slope 1200 feet from the south portal. At this point, the tempera- 
ture of the tunnel was considerably reduced by the currents of air up the slope, and, as a con- 
sequence, ice accumulated in the exhaust-valves, which made it necessary to check the currents 
by closing the foot of the slope. 

The progress made with the heading will suflSciently indicate the general progress of the 
work, as the enlargement was carried on at several points simultaneously by passing out the 
debris under the carriages sustaining the enlargement-drills, and could be prosecuted as 
rapidly as was thought desirable. The heading-carriage at the south end (Mammoth Vein) 
commenced operating March 1st, 1870, and finished September 15th, 1871, a period of eight- 
een and a half months, in which it progressed 1950 feet, or at the average rate of 105-j^ feet 
per month. Owing to the delays at the north approach already referred to, the heading- 
carriage at the north end (at the end of the soft-ground work) did not start until July 15th, 
1871, and finished September 15th, 1871 ; it worked only two months and progressed 160 
feet, or 80 feet per month in soft work ; it was not fully equipped. The average monthly 
progress per single carriage was 104 feet. 

The soft-ground heading and arching at the north end was commenced January 1st, 
1871, and finished July 11th, 1871, a period of six and one third months, in which it pro- 
gressed 335 feet, or 53 feet per month. The headings met on the 15th of September, 1871, 
491 feet from the north end, instead of 1000 ffeet, as was originally expected, eighteen and 
one half months after they were started, and the excavation and masonry was completed in 
less than one year and ten months from its commencement. 

The work consisted of excavation 44,852 cubic yards. 

Dry masonry 726 " " 

Stone masonry laid in cement 1,706 " " 

Brick " " " " 1,709 " " . 

The cost of the work computed on the assumption of a loss of twenty-five per cent upon 
the plant, was as follows : 

Excavation ' $6 86 per cubic yard. 

Brick and stone masonry in cement . , 10 29 " " " 

Dry masonry 4 00 " " " 

* The blasting tlirouglioat the oonstraction of Nesquehoning Tunnel was remarkably free from accident, 
there being no loss of life from premature explosions. 
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The cost of the plant was : 

For machinery $51,387 65 

" buildings *. . 20,792 99 

" mules and harness 4,700 00 

Hoisting machinery, rails, trucks, air and water pipe, etc 86,394 14 

$113,274 78 
In further detail, we have the following : 

Average length of holes drilled, per cubic yard of work 5^ feet. 

Powder exploded 3-j*^ lbs. 

Drill steel expended -jV(r " 

Oil and lights 11 cents. 

In the heading we have: 

In conglomerate, 11 feet of drilling and 6 lbs. of powder per cubic yard. 
In red shale, 6i " " " " 3i " " " " " 

In the enlargement, the drilling was 3-j^ feet, and powder 2j^0- lbs. per cubic yard. 

The total amount of powder used upon the whole work was 113,450 lbs., or 3^|j- lbs. per 
cubic yard of rock removed, costing 54y'^ cents per cubic yard. Total depth of holes drilled 
by machinery was 176,675 feet, or 5^ feet per cubic yard of rock removed. Total amount 
of steel used was 8019 lbs., or J lb. per cubic yard of rock removed, costing 4^ cents per cubic 
yard. Total cost of lights was 11 cents per cubic yard of rock i*emoved. These figures are 
for the whole work from start to finish, and cover both ends, arching, etc. As to the relative 
cost of hand and machine drilling, the following is an estimate based upon the experience at 
the Kesquehoning Tunnel : 

Machine-drilling, including running and repairing, drilling and air-compress- 
ing machinery, and also steel and sharpening, cost, per foot of holes 

drilled 14^ cents. 

Hand-drilling cost, exclusive of steel and sharpening, per foot of holes drilled, 50 " 
There is included in the machine-drilling Z-^ cents per foot for steel and 
sharpening, which will be doubled in hand-drilling, making the cost 
of the latter per foot of holes 56-j^ " 

There were 5}- feet of holes necessary to remove one cubic yard, making the cost of drill- 
ing per cubic yard : 

By machinery 75^^ cents. 

And by hand $2 96^ " 

In favor of machine-drilling $2 21-j^ per cubic yard. 

It is therefore safe to base an estimate upon a saving by machine-drilling of two dollars 
per cubic yard, exclusive of the cost of plant (according to the experience at Nesquchoning, 
and this estimate is an average upon the whole worky both heading and bottom included). 
Hand-drilling was used in the enlargement for one month, which increased both the length of 
holes and quantity of powder to the yard^of rock, although it was in some of the softer portions 
of the work, showing that no better judgment is used in directing the drills by hand than is 
practicable by machinery, while the large saving in steel expended by the latter is a well- 
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established fact in the experience at Nesquehoning. The saving of light was inversely 
as the progress, and in explosives per ponnd in proportion to their force, in addition to the 
collateral saving of drilling, steel, and lights which will attend the nse of the more powerful 
agents. 

The cost of the work was considerably enhanced by the high prices which succeeded the 
civil war, and the disturbed condition of labor in the surrounding coal regions ; the rates paid 
were two and a quarter dollars to drillers and two dollars to laborers, each, for eight hours' 
work. The drill-carriages and the Burleigh compressors used at Nesqnchoning were sub- 
sequently purchased by Mr. Charles McFadden, the contractor for the Musconetcong Tunnel. 
They are shown in Figs. 72(J) and 101.) 

The Nesqiiehoning Tunnel is exceptional in that in its construction machinc-driils were 
used in driving a tunnel through the coal measures. As a general rule, hand labor is era- 
ployed in similar formations. . An account of a recent application of machine-drills in driving 
a mining-tunnel in the block coal regions of Northeastern Ohio, has been given in an article 
by Mr. C. D. Hersey, C.E., on the Brookfield Tunnel.* 

The forgoing account of the use of rock-drills at the Nesquehoning Tunnel is of great 
and unique interest as being probably the only instance of a large tunnel in the United States 
in which we will ever have a record of power-drills with black powder, as, since its construc- 
tion, the higher explosives have come into general use for heavy work. Indeed, at the time 
this tunnel was being driven, nitro-glycerine and mica powder were used at the Hoosac Tun- 
nel, and giant powder or dynamite was coming into use at the West, but their application was 
not generally understood or as widely appreciated as at 'the present day. 

We will now take up the Musconetcong Tunnel ; for though it also, like If esqueho- 
uing, was antedated in the inception of work by the Hoosac Tunnel, yet, owing to the great 
length of the latter, part of the more interesting portion of its rock-drilling work was done 

* From Mr. Heniey's description wo learn that in the work of removing the rock, driHing was done by hand 
in tKe inside part, and by power-driHs run with compressed air in the outside part. Most of the portion driven 
by hand lay in sandstone. The manner of working as far as the coal reached, was to drive a heading in the coal, 
then blasting: up the bottom rock in benches down to grade. After the tunnel went under the coal, the same 
process was continued, except that for the last forty yards the heading only was driven forward, in order to hole 
through, and thus the sooner finish pumping, as well as g^ better air. The part driven from the outer face lies 
wholly in shale, stratified horizontally, and having cracks or seams running through it (called " smooths" by the 
miners) every two or three feet in vertical distance. A heading, three to three and a half feet high, was started 
at the roof between two smooths, which were followed until they dipped a foot or so below grade, when the roof of 
the heading was broken through to another smooth, that was followed in a similar manner, and so on. Three 
to five holes, four to five feet deep, were bored in the face of the heading, charged with dualin, and fired at once, 
the central boles leading by a few seconds. This method of working cleaned out the rock completely from floor 
to roof of the heading. The enlargement followed from four to five yards behind, the bottom being blasted up 
or the roof down, as the case might be. 

The crew engaged in removing rock at the outer face comprised, for twenty -four hours, mon in the heading, 
in shifts of 8 hours each, 4 men on the enlargement, in shifts of 10 hours each, and 2 men loading excavated rock 
into the mining-cars, working 12 hours each. There were outside at the compressor, 2 engineers and also 1 black- 
smitli. The average rate of progress per day was 6*7 feet, making, at the prices paid the men, the cost of labor 
only, for driving the tunnel f uU size, and putting the excavated material on to mining-cars, very closely approximate 
$4.25 per foot. The material through which some parts of the tunnel extend crumbled on exposure to the aii. 
hence several hundred yards of it had to be timbered. In consequence of the work being done by the day instead 
of by contract, the data for estimating the exact expense is not at hand ; but the entire cost of it as it stands 
completed ready for shipping coal, is not far from 185 per yard. 

Twenty-one months was the total time employed in the execution of the work. (" Engineering News," 
Chicago, vol. iv.. No. 16, p. 95, April 21* 1877.) 
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simultaneonslj with the Muficonetcong Ttmnel ; and as the qrstem of centre-cuts for blasting 
used in both tunnels was introduced into Musconetcong from Iloosac, a full description, from 
the author's personal experience of the system as used at Musconetcong, will suffice for both 
tunnels. It may be well here to note that the centre-cut system has also been adopted at the 
Sutro Tunnel. 



PAKT II. 

THE MUSCONETCONG TUNNEL.* 

The Musconetcong Tunnel is situated in New Jersey, near the line of the Central Kail- 
road of New Jersey, about twelve miles from Easton, on the Easton and Amboy Kailroad, the 
latter being the extension of the Lehigh Valley Bailroad to tide-water. 

The Easton and Amboy Eailroad was constructed to afford the Lehigh Valley Bailroad 
a direct through route to tide-water for its heavy coal traffic. 

Preliminary lines having been run, the first location was decided on in the autumn of 
1871 and winter of 1872, it being such, with regard to alignment and grades, as to insure the 
greatest economy in conducting transportation. Construction was commenced in the spring 
of 1872, and, from the first, the tunnel was especially pushed, from being the heaviest piece of 
work on the line. The road, on being ready for construction, was subdivided into four divi- 
sions. Mr. Robert H. Sayre, Chief-Engineer of the Lehigh Valley Eailroad, being also Chief- 
Engineer of the Easton and Amboy extension ; Mr. Calvin E. Brodhead, Principal Assistant. 
The tunnel was located in Division 1, Mr. John L. Wilson, Division Engineer, and Henry S. 
Drinker (the author). Resident Engineer. Mr. Charles McFadden, of Philadelphia, took the 
contract for the tunnel, and for several miles of construction adjoining each extremity. 

Musconetcong Mountain is one of a range, around or through which a road from Easton 
to New York must go. Its simimit is about 900 feet above tide-water, and 470 feet above the 
grade summit, which occurs in the middle of the tunnel, the one adverse grade to transporta- 
tion occurring in the whole length of the road being between Phillipsburg and this point. 
The total length of the tunnel is a little less than a mile. 

By consulting Plate II., the general formation of the mountain and the location of the 
different parts of the work may be observed. It will be seen from it tliat the preliminary top 
headings (sliown by broken lines) passed through 770 feet of soft ground at the west end ; 
702 feet of tliis was subsequently arched, the balance being taken out in open cut. Next 
occurred 460 feet of limestone, and then 3731 feet of syenite, the latter continuing without 
change out to the eastern entrance. At the jtmction of the limestone and syenite, some 263 
feet of arching was required, as the rock was found for some distance on either side of the 
line to be very loose and seamy. 

This syenite may, in reality, be called a syenitic gneiss for the greater part of its length, 
as it seems to have a distinct stratification, the dip through both it and the limestone being 
invariably to the east, or against the mountain on the west side. In Plate II., it will be 

* From a paper by the author of this work, on " The Musconetcong Tunnel," read before the American 
Institute of Mining Engineers, February, 1875; published in the Transactions of the Institute, vol. iii.,p. 331. 
Also, in ' ' The Engineering and Mining Journal," New York, May 29, 1875, vol. xiz., p. 892 ; the '* Railroad Gazette," 
New York, vol. vii.. June 5 and 12, 1875; "Engineering," London, vol. xxli.. pp. 120,194.851,370,416 (1876). 
Translated abstracts of the paper have also been published in several Oerman periodicals, among them the " Organ 
fUr die Fortschritte des Eisenbahnwesens," 1877. II. Heft. Also the portion relating to rock-drilling and blasting 
is embodied in Alfred Lorenz's " Tunnelbau mit Bohrmaschinen-Betrieb," Vienna, 1877. 
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observed that the first rock met at the west end was a roll of limestone, ocenrring with an 
anticlinal axis in the open cut ; this next gave way, for some hundi*ed feet, first, to bands of 
decomposing, shaly limestone, and, possibly, some strata of Prime's ^^ damourite," and then to 
seemingly stratified layers of red and white clay. Syenite was then encountered, with an 
anticlinal axis, evidently in situ, but partially decomposed, being most solid in the centre of 
the roll, where it required blasting. Then came another formation of clay, next occasional 
boulders, with much water ; and dien, with an adverse dip to die mountain, limestone again 
— the latter continuing, and meeting the syenite with this same adverse dip. 

Before meeting the syenite, and near the junction, a laige body of water was struck, and 
the limestone for some 50 feet was somewhat disintegrated, largely impregnated with iron 
pyrites, and the syenite, after the junction, continued soft and seamy for over 200 feet before 
becoming hard enough to support itself ; arching was necessary through both the soft groimd 
and under the loose rock. Between the syenite and limestone there occmTed only a small 
vein of about six inches of soft, decomposed rock, with no intervening stratum of either slate 
or Potsdam sandstone. The syenite preserved mainly the same dip to the east, throughout its 
total length, except for some distance about the middle of the formation, where it seemed 
massive (shown in Plate 2 by crossed lines). Now, without hazarding any positive assertion 
on the subject, where so many plausible theories might be advanced, the supposititious forma- 
tion, as shown in Plate 2, is offered to account for the position of the strata. It seems some- 
what plausible, and if carried out, would make an anticlinal axis in the syenite somewhere in 
the east heading, probably. This would account for the parallelism of the dip on both sides 
of the mountain, and for the limestone underlying the syenite at the west end. At the east 
end no limestone was found, and no outcrop observed on the west slope, it being, probably, 
denuded, and only preserved in the supposed synclinal fold, as shown at the bottom of the 
slope. 

The approach at the west end is through a cut about half a mile long, running from 
grade to about 75 feet of cutting at the entrance, mostly through earth, with some limestone 
rock, and a part through a soft whitish clay, resembling kaolin, which latter gave much trou- 
ble, the steam shovels, two of which were used, settling in it constantly. 

This deep cutting at the west end, which wo will treat of first, as it was by far the heavi- 
est work, made it necessary to begin the tunnel by sinking either a shaft or slope to grade. 
A slope was decided on, and it was located so that its foot reached tunnel grade about 850 feet 
from the west end. This location was made that the solid rock might be soon reached and a 
heading started at once to the east. Then, while it was being driven, the open cut could be 
brought up, and any soft ground encountered between the slope and entrance arched. 

Ground was broken for the slope in April, 1872 ; dimensions, 8 by 20 feet in the dear ; 
length to grade of top heading, 276 feet, on an angle of 30°. It ran 190 feet through earth, 
necessitating timbering ; collars of 12-inch oak, 4 feet apart from centre to centre, supported 
by end and two middle props, lagged at the sides and above with chestnut forepoling. The 
remaining distance was through good limestone rock, dimensions 8 by 16, the average progress 
through both rock and earth being from 7 to 10 feet per week. On reaching grade of tunnel- 
roof, on November 13th, 1872, top headings were started east and west, 8 feet high by 26 wide, 
by hand labor ; progress, after getting fairly started, being in No. 1, or the heading driving east, 
in December 40, in January 57 feet. The work went on favorably in this heading during the 
winter. Machine drilling was introduced in February, raising the progress at once in Feb 
ruary to 69 feet, and in March to 95 feet, a rate subsequently very much increased after get- 
ting the machines in full working order, as will be shown. In April, when the face had 
advanced about 275 feet from the foot of the slope, the rock began to show signs of disinte- 
gration ; the amount of water coming in increased, and the roof became so heavy that it was 
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fonnd necessary to timber it with collars of 15-incli oak, set about 6 feet apart from centre to 
centre, lagged above, and sometimes at the sides, and supported either on legs or by hitches 
in the rock. These collars (1) were put in high enough to clear a 2-foot ring of masonry, 
and above them packing was securely blocked in, up to the roof. 

On May 7th, 1873, about 3 p.m., a head of water was struck, first by a 2i-inch drill-hole, 
about 4 feet above the floor of the heading. The water forced the drtll back and sliot some 
fifty or more feet out into the heading in a steady stream, seeming to come from some lai^, 
pent-up reservoir. At 5 p.m., it was rising so fast that it was found necessary to take out the 
drills and pumps, to save them. At this time there had been two steam-pmnps at work ; one 
No. 7 Niagara, and one No. 5 Knowles. The water caught the last before it could be removed 
and hoisted. The Niagara pump was moved up the slope during the night, but it could not 
keep back the water, which continued steadily rising ; it was taken ont, and another similar 
one sent for, so that the two could be set to work on the water reaching its level. 

The water still rose through the next day, but on the 9th it reached its maximum eleva- 
tion within 120 feet of the top of the slope, or 70 feet beyond the junction of the limestone 
rock and earth, so giving cause to fear that should the water not be soon removed it might 
imdermine the props of the slope timbering, and start the earth to working above the collars 
and at the sides, it being very treacherous material when moistened. On the 10th, the new 
pump arrived, and the two set to work, throwing, it was estimated, about 1500 gallons a minute. 
On the 14th, the water was lowered 20, and by the 15th, 40 feet, by incessant work, gaining 
back a few feet every time the pumps were moved down, and the latter had to be run at such 
a rate that they were soon badly racked. However, the pumping was being vigorously 
pushed, when suddenly, about 1 a.m. on the 14th, the water being at that time nearly 50 feet 
down, several sets of timber at water-level, and others below, gave way, the brealoi^e subse- 
quently continuing up to the surface of the ground, some hundred or more feet above. 

This bi*eakage, it will be noted (Plate 2), occurred at, and just above, the junction of the 
rock and earth, and seemed to be caused by the water having eaten away the backing of the 
side-props sufficiently to allow them a chance to sag outward, so throwing increased pressure 
on the roof. Tins disaster would practically necessitate a new driving and complete retim- 
bering, in all probability, of all the slope through earth below the level the water first rose 
to, as it was all in a dangerous condition, and this in the face of a head of water so strong that 
it would probably be impracticable to keep it back with such pumps as there would be room 
for while carrying on so difficult and delicate a task as re-timberlng ground so heavy as this 
after having started " running." 

It was thereon decided to sink a shaft. This shaft was located about 420 feet west of the 
bottom of the slope, the object being to push headings east and west from the shaft to tap and 
carry oflf the water from the slope workings to the open cut. On the 16th, the shaft was 
commenced at 1 p.m. It was so located as to clear 4 feet on the left and 12 feet on the right 
of the centre line of the tunnel (looking east). It measured 8 by 16 feet in the clear, timbered 
with 12-inch square white pine sets, placed at first touching, and lower, about 2 feet 6 inches 
apart in the clear ; some of these latter sets were subsequently strengthened with liners. It 
was also strengthened from top to bottom by 12-inch pine braces, and by them divided into a 
7-foot compartment on the left, for pumps and pipes, and an 8-foot one on the right for a 
hoistway. The shaft reached grade of the top heading, 110 feet down in five weeks, on June 
21st, 1873, having been driven and timbered at the rate of 25 feet per week. 

We may note that while the heading was being pushed east from the bottom of the slope, 
the one coming west was also driven on, but not so rapidly, so that when the slope workings 
were flooded, the heading coming west was advanced about 125 feet, its face being still in 
limestone rock, with 290 feet jet between it and the shaft. It was driven 26 feet wide by 7 
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feet high. To meet this, heading No. 3 was at once started east from the bottom of the shaft 
through earth, its dimensions in the clear being : top width, 8 feet ; bottom width, 10 feet by 
8 feet high. This was timbered in the ordinary manner used in mines with oak collars 
and props of 12- to 15-inch round timber ; sets placed from 2J to 3 feet apart from centre to 
centre, footed, in very soft ground, on 6-inch sills, but ordinarily on 3-inch foot-blocks. A 
similar heading (No. 4) was at the same time started west toward the open cut, the top bench 
of which was sufficiently advanced by the 30th of August, to allow a shaft 32 feet in depth to 
be sunk at a point about 20 feet west of the proposed mouth of the tunnel. This reached 
bottom September 13th, 1873, and a fifth heading (No. 5), similar toNos. 3 and 4, was started 
from this shaft east to meet No. 4, and driven at an average rate of 33 feet per week through 
earth. 

To return to No. 3, or the heading driven east from the main shaft, to tap the slope 
workings. During July, it was driven and timbered through earth at an average rate of 20 
feet per week, this rate being raised in August to 30 feet per week ; at the same time the 
adjoining heading. No. 4, was driven at first at an average rate of 25 feet per week, and in 
September of 28, 36, 39, and, at the highest, 41 feet per week ; the force required being gen- 
erally 2 minere, 2 helpers, 2 laborers, and a boss or foreman. 

When No. 3 had reached a point 165 feet from the shaft, still in earth, on August 13th, 
1874, a large body of water was tapped in the face, there being at that point about 124 feet 
remaining between headings 2 and 3. The water was struck about 8 p.m., and rushed in with 
great force ; it was estimated at not less than 3000 gallons per minute, or four times the 
capacity of the pump. This flow rapidly enlarged the original aperture, the material being soft. 
The men working in heading No. 4 had barely time to escape, as the shaft was quickly filled 
with water some 40 feet up, and the pump submerged. 

Two No. 7 Niagara pumps were at once placed on the cage, lowered to water level and 
started ; while gaining on the water, they did not lower that standing in the slope, leading to 
the unpleasant inference that tliis was a new reservoir, and that shortly all Jersey might be in 
with a determined effort to prove herself most indubitably interested, at last, in the cold- 
water movement. By the 19th of August, the water was pumped out, and it was found that, 
far from being exhausted, it had, in fact, dammed itself, the heading being completely blocked 
with sand half the distance from the face to the shaft. This was nearly cleared by the 2l8t, 
when, at 9 a.m., the water again broke in, this time bringing more sand with it, stopping the 
flow quicker, so that the water only rose some 25 feet in the shaft. 

It was again pumped out by the 22d, at 10 a.m. After a delay of about a week, the head- 
ing was cleared, and an attempt made to drive it, by keeping a strong oak plank dam ahead. 
This was put in about 20 feet back of the old face, the planking being caught at the ends by 
the heading-props. A crevice below the bottom plank allowed the water to run out, and the 
top plank being removed, enough material was dug out to allow this plank to be put foi-ward 
and braced against the next set of props. Then the second plank would be advanced likewise, 
and so down to the bottom ; by this method a continuous dam was constantly kept up. 
With this the work was pushed through the 20 feet of sand up to the old face again, which 
was reached on September 8th, when an attempt being made to drive on the heading, the 
water again broke in, at 4 p.m.,. with such irresistible force that, in spite of every effort, it 
broke through the dam, and again drove out the men, filling the headings and part of the 
shaft. By 1 p.m. on the 9th, it was pumped out, and the men started to clearing up. 

Meantime, the headings 4 and 5, designed to connect the shafts, had been pushed as 
rapidly as possible, work on No. 4 being resimied whenever the water was out of the shaft, 
and on October 7th, connection was made, so that, in case of fiooding, the water could be 
pump^ from both shafts at once. Work was resumed in No. 3, with a dam ahead as 



HISTORY OF THE TUNNEL. 



307 



before. On reaching the water, it again proved too strong, and drove the men out on the 
13th, at 6 P.M. It was pumped out through the two shafts by 1 a.m., on the 14th. It was 
now decided by the Chief Engineer not to resume work on the main heading at once, but to 
leave tlic sand in the face as a dam, and to try to tap- the water by starting a cross-cut 
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Fig. 117. 
Scale, 80' = 1*. 

(Fig. 117), 4 feet wide by 6 feet high, at a point (B) about 25 feet back of -the face (A). This 
was driven at right angles to the line of the tunnel, north 14 feet, thence ahead, parallel to 
the main heading, to a point (C) a few feet in advance of the face, thence south again about 6 
feet. This was done without meeting water, so, on October 23d, at 1 a.m., an attempt was 
made to tap the water by boring ahead through the earth with a 3-inch auger, but unsuccess- 
fully, so it was decided to drive on the parallel heading, and also to make another attempt to 
either drive on or get a steady flow of water in the main heading ; the trouble being always 
that there was no chance to exhaust the body, as it invariably dammed itself, after doing all 
the damage possible. On getting up to the face of the main heading, the water came in again 
at the bottom, on November 4th, at 10 p.m., but this time was mastered by the miners quickly 
throwing across three dams in succession in which the sand lodged, so that it only rose some 
2 feet above the bottom, without attaining a steady flow. The parallel heading, meantime, 
had been pushed on to a point (D) about 17 feet in advance of the face of the main heading, 
making its total length 42 feet, and another cross-cut was driven south, about 9 feet, toward 
the line of the tunnel. In it, by boring, the water was tapped on November 8th, at 9 p.m., it 
seeming to lie between a lot of loose boulders in sandy soil. The pmnps were run to the 
limit of their capacity, at first keeping the water under control ; but at the end of three days, 
being i-acked by incessant work, they gave out, and it rose to the top of the heading. By this 
time, the steam shovel had advanced the second bench of the open cut to within 55 feet of the 
second shaft, from which a heading. No. 6, had been driven 32 feet west, in October, in readiness 
to meet the shovel. A heading was now started, November 17tli, in from the open cut, clear- 
ing the remaining 23 feet by November 20th, so giving, at last, a free vent to the water, which 
thereon spent its force in about 40 minutes, running the headings fall, and spouting out in a 
huge jet, then subsiding into a clear running stream, carried by a ditch in the centre of the 
heading. Driving on the main heading (No. 3) was resumed, and it advanced in the next 
three weeks, still in eartli, at an average rate, at first, of 30 feet per week ; then, meeting the 
limestone at a point about 240 feet from the shaft, progress was reduced to 20 feet per week. 
Meantime, the water standing in the slope remained stationary at its first level. By the 
first of October, however, it had gradually lowered to some 170 feet from the top, or the point 
to which the pumps had reduced it when the timbers broke, so that now it was f oimd possible 
to keep the water down before the miners, the heavy head being ofl?. The miners were 
therefore started to clean out and repair the damaged portions, and as soon as the water, 
on November 20th, found a permanent outlet through the shaft headings, it at once sunk 
in the slope to the level of the top of the heading, or roof of the tunnel. Now the height 



808 THE MUSOONETCONQ TUNNEL. 

of the tunnel through rock is 18.4 feet above base of rail. When arched, it is 21 feet in the 
clear above base of rail. Adding to this a 23-5 foot ring gives 23.5 feet to crown of arch ; but 
the bottom of the collars, in a preliminary top heading through soft ground (where the Eng- 
lish drawing-bar system is used), must clear at least 3.5 feet above the crown of the arch, to 
allow room for working the subsequent drawing-bars in enlarging, as will be explained here- 
after. Tliis makes the bottom of the collars in the soft-ground heading 27-0 feet above base of 
rail, or 8 • 6 feet above the roof of the tunnel through rock. As the soft-ground heading was 
driven about 8 feet high in the clear, its floor barely came on a level with the average top of the 
rock heading from the slope, as shown in Plate 2, so that the advantage gained and desired by 
tapping the water in the shaft was simply to take its head off, the steady stream that subse- 
quently ran in the slope workings being pumped out at the slope, by, at first, one and, as the 
heading advanced, two No. 7 Niagara pumps. 

" Work was resumed in headings Nos. 1 and 2 about January Ist, 1874, and on the 3d, 
headings 2 and 3 met, thus affording connection between the shaft and slope workings, and 
leaving only the west heading. No, l,from the bottom of the slope east, and the east heading, 
which had been from the first driving steadily west, with about 2335 feet yet to drive between 
them. As No. 1 advanced, the water was found to have been tapped by the drill-hole that 
first struck it, in a run-way in the limestone, about two feet wide, cutting across the line of 
tlie tunnel. The rock was found to continue so bad that it was decided unsafe to put in the 
drilling-machines, the constant jar being too heavy in loose rock. 

The dividing line between the limestone and syenite was soon reached. Water was also 
constantly met in new springs as the headings advanced, so that the contractor for a long time 
was obliged to keep his pumps going steadily ; indeed, until the open cut was brought up to 
grade, and the bottom heading, that was subsequently driven, connected with the rock enlarge- 
ment. 

After passing the dividing line of the limestone and syenite, the rock continued loose for 
some two hundred feet, requiring timber all the way as noted above (p. 305), when the 
loose limestone was first met in this west heading. Through all this loose rock the packing 
ran regularly from 4 to 5 feet above the collars, and occasionally as high as from 6 to 8 and 
even 10 feet, the collars being alwAys put in so as to just clear a 2-foot ring of masonry. This, 
of course, gave an immense amount of loose rock to remove, and i-etarded the progress of the 
work, so that the advance gained did not exceed an average of 40 feet per month until the 
middle of May, 1874, or about one year from the time the water first broke into the heading. 
Solid rock being reached, the drilling-machines were put in, and the work at last might be 
called fairly started, with about 1725 feet of hard syenite still between headings — one of the 
hardest rocks, except trap, that has been encountered in tunneling in our Eastern States ; 
harder and tougher, it is said by judges familiar witli both, than any body of rock encountered 
in the Hoosac Tunnel. 

At the west end, four Burleigh compressors were used to run tlie drills. These com- 
pressors were the ones known ordinarily as the " two-drill compressor," consisting of two ver- 
tical air-eylinders run by a horizontal steam-engine (see Chapter V. for description in full). 
Four of these compressors were found sufficient to run the nine drills usually kept going in 
the heading and bench. To furnish steam for them, four return tubular boilers of 45 horse- 
power each were used. The compressed air was conducted by a 6-inch pipe, at first about 
1300 feet, and, before tlie headings met, about 3000 feet, before reaching the drills, and it 
was observed that the loss of pressure rarely exceeded from 2 to 3 lbs. (per square inch), and. 
generally was still less. 

The Ingersoll drill was adopted by Mr. McFadden, and used throughout the prosecution 
of the whole work, giving entire satisfaction. At first 3i-inch and then 4-inch drills were 
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tried, but, finally, the 5-inch was decided on as by far the best size in the hard rock encoun- 
tered. This drill was found to run months with little or no repairing necessary, and such re- 
pairs as were needed were generally more in consequence of wear than breakage, the parts 
giving out first being usually tlie feed-pawls and i-atchets. (For full description, see Chapter 
v., p. 264.) 

The drills were mounted in the heading on two carriages, one on each side of centre line. 
These carriages were simply stout frameworks of oak, ninning on tracks carried up to the 
face of the heading, each supporting in front thi'ee horizontal iron bars, on which the drills 
were so clamped as to insure convenient lateral and vertical motion. Fig. 118 shows a front 
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Fig. 118. 

THE AMERICAN CENTRE CUT SYSTEM OF HEADING BLASTING. 

Scale, vy = 1'. 



and side view, and plan of the fore-part of one of these carriages, there being two in the head- 
ing, one on each side. (See also Fig. 101.) After a blast, all hands are at once engaged in 
shoveling and filling the broken rock into the middle of the tunnel between the machine- 
tracks, so as to clear the latter. As soon as the way is clear, the carriages are at once run up 
to the face, and drilling recommenced, and the broken rock subsequently removed by cars on 
a centre track. The heading being twenty-six feet wide, there was room enough to accommo- 
date the three tracks, and by proper switching there was rarely any detention from want of 
cars. As to the manner of drilling holes, the west heading, after passing the loose rock, 
was all broken by the method of centre-cuts, and subsequent squaring up. This method was 
introduced at Musconetcong from the Hoosac Tunnel, where it was originated. Giant powder 
or djnamite was adopted as an explosive by Mr. McFadden. 
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Fig. 119. 

THE AMERICAN CENTRE-CUT SYSTEM OF HEAD- 
ING BLASTING. 
Scale, 10* = 1'. 



The Amebican Centse-cttt System of Heading Blastxkg. 

The method of blasting by cuts is based, of course, on the extraordinary force developed 
by a comparatively small bulk of explosive matter. It consists in first blasting out an enter- 
ing wedge or core, about 10 feet deep at the centre, and subsequently squaring up the sides 
by several rounds. To do this, first 12 holes are drilled by the six machines, three on a side, 

the holes placed as shown in Fig. 119, and 
/ / y marked C ; A being tlie floor of the head- 

/ y ing. These 12 holes are drilled two and 
two, six on a side, with from 1^ to 2f-inch 
" bits," the two sets being started about 9 
feet apart, and at such an angle as to meet 
or cross at the bottom, the largest bits be- 
ing put in first. Tliey are then cliaiged 
with about 25 lbs. No. 1 and 50 lbs. No. 2 
giant powder, and fired simultaneously by 
electricity. No. 1 is only used for cuts, in- 
asmuch as in them a quick, strong powder, 
comprised in a small bulk at the bottom of 
the holes, where the greatest resistance will be found, is required, while the No. 2 added 
serves in filling the holes, so starting the sides of the cut as the apex moves. The cut being 
out, a second round of holes is started for the first squaring up, as shown by the numbers 
1, 1, 1, 1. In these, and in the subsequent rounds, 2, 2, 2, 2, and 3, 3, 3, the resistance is 
pretty equally distributed along the whole length of the holes, and is also, of course, not so 
great as in the cut ; therefore. No. 2 is used, as in it the nitro-glycerine being mixed with a 
larger proportion of absorbent matter, the force is thereby distributed over a greater space. 

In the first and second squaring-up rounds, from 50 to 60 lbs. of No. 2 are charged, and 
in the third from 80 to 90, the holes getting stronger as the arch falls at the sides ; there are 
generally also one or two additional roof-holes in the third round that are not shown in the 
figure, their position being variable, according to the lay of the rock. The top holes in the. 
first roand are also designed to bring down any roof not shaken by the cut, and are, therefore, 
given a strong angle toward the centre, and always drilled from 12 to 14 feet deep. The 
horizontal projection of the above holes is shown in Fig. 118, 3 being the cut holes, 4, 6, and 
6 the squainng-up rounds. As to their relative depth, the holes of the first squaring round 
are always drilled a foot or more deeper than the cut holes, and when blasted they generally 
bring out a foot additional of shaken rock at the apex of the cut. The following table will 
approximately show the nmnber and depth of holes required, and the powder used for a 
lineal advance of ten feet in heading work : 

TABLE 26. 



Cut 

Ist square up 

2d " " 

8d " " 

Additional moMioles 



No. of Holes. 


Depth of 
Holes. 


Tote] Depth 
of Holes. 


Lb. No. 1. 


12 
8 
8 
6 

2 


10' 6'' 

12 

12 

12 

jlO ) 

\ 8 \ 


126' 
06 
96 
72 

18 


25 

• • 

a . 
a . 

a 


86 




408 


25 



Lb. No. 



50 
«6 
55 
85 



245 
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Now, allowing the cut holes to be 10^ feet deep, tlie cut will generally blast out about 9 
fall feet linear, which, as e:ip)ained above, is raised to 10 in the subsequent roundfi. 

AssDining the average croBs-section in an S-foot heading to be about 175 feet for a 
lineal advance of 10 feet, C5 cubic yards of rock would be broken, which would give an 
average of, say, four tenths (0-4) lb. No. 1, and four (4) lbs. No. 2 giant powder burnt, and a 
little over six feet of holes drilled, per cubic yard broken. 

This, however, it should be noted, would often bo increased by occasional block or side 
holes, and is assumed for a case in which no holes are supposed to have missed, and in wliicli 
no secondary drilling and blasting are required. Proportionate amounts would have to be 
added for such cases. 

The iibove estimates are based on ordinary 10-foot cuts ; there were, however, many in- 
stances of 12- and 13- and sometimes 14-foot cuts taken out by ambitious foremen; but even 
dynamite has its limit of strength, and working too deep cuts is not advisable, as thev will 
often only blow out partially, leaving the rock in awkward shape. As to the division of time 
in heading work, to drill and square up a cut should take about four eight-hour shifts, with 
such rock as was met at Musconetcong, it being, as stated, unusually hard and tough. It will 
take one shift to drill and blast the cut and one shift to each of the three rounds, and this 
with a force of 12 machine men (one driller and one helper to each machine), 6 laborers for 
loading broken rock, 1 nipper for carrying tools, and a boss. On an average, however, this 
standard will hardly be reached, as it provides for no stoppage, no missed holes, and no acci- 
dents, and, unfortunately, tunnel-headings, like all things earthly, are liable to occasional stop- 
pages and accidents. However, a standard approximating this can be attained, and was 
attained in the west heading at Musconetcong, in the latter part of the work. 

Before taking up the east heading, we will consider in a few words the enlargement in 
rock of west heading No. 1. This "bench," es the rock enlai^ement is termed, was kept 
both on the east and west sides from four to six hundred feet back of the headings, so avoid- 
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BENCHXARHIAGE8 USED AT HOOSAC AND MOSCONETCONO TUNNELS. 
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ing any interruptions at the bench from heading blasts, and allowing plenty of room for hand- 
ling and switching cars, also for backing the machines to a safe distance from the face when 
blasting, etc. In taking up the west bencli, there was no extraordinary detention ; tlie work 
was begun about January 1st, 1874. Its steady advance, however, did not commence imtil July, 
1874. Up to that time, though the headings were of course free from water, the flow re- 
mained so great that frequently the enlargement, on the shortest stoppage of the pimips, would 
become flooded several feet in depth ; also, until the headings met, in December, 1874, both 
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the west and east enlargements were detained by the time lost in removing the broken rock 
from the headings. This was run out from the top heading on a movable bridge extending 
over the men at the bench, and ending in a shute, into which the cars were dumped (Fig. 
120). From this shute the rock was again loaded on cars in the bottom, and run out to the 
slope. Every time, therefore, that a blast was fired, this bridge had to be run back, and thfen 
up again to tie face as soon as the track coidd be cleared, much time being often lost in tlie 
operation from unavoidable detentions that frequently arose. The different rates of progress 
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Fig. 121. 
TAKING UP THE BOTTOM. 

Scale, 10' = 1-. 

attained in running a bench with a heading in front, and after the headings are cleared, is 

shown in Tables, p. 372, by which it will 
be seen the average monthlv advance was 
raised in the west enlargement from 87 
feet, in 1874, to 188 feet, in 1875, on the 
meeting of the headings in December, 
1874 ; the increase in the east enlargement 
being from 96 feet, in 1874, to 181 feet, 
in 1875. Figs. 121 and 122 bIiow the 
method of blasting adopted in enlarging 
in rock. First, six top holes, from 12 to 
IB feet deep, are drilled and blasted ; their 
relative position is shown in Fig. 122, which 
is a horizontal projection of the heading, 
A being a centre line, B the sides in the enlargement, (B') sides of heading, C face of bench, 
and 1, 2, 3, 4, 5, 6, the holes. These six lift most of the rock ; what is left is broken by sev- 
eral horizontal holes shown by (6) in Fig. 121, in which 1, 2, and 3 are the top carriage, drill, 
and location of hole ; and 4, 5, and 6 the bottom carriage, etc. 

These two sets of holes, top and bottom, will average a linear advance for the bench of 9 
feet, the following being a fair estunate of the number of feet drilled and powder burnt (for 
9 feet of advance). 

TABLE 27. 



•5 90 




— I -^.. ........ 
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Fig. 122. 
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Top boles . . . 
Bottom holes 

Totals. 



No. of Holes. 


Depth of 
Holes. 


Total Depth 
of Holes. 


6 
• 4 


12 ft. 
10 " 


72 ft. 
40 " 


10 




112 ft. 



Lb. No. 2 Dynamita 

62 lbs. 
45 lbs. 

107 lbs. 



^ 
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The total height of the xjross-section adopted for the tunnel through rock, from lower 
sub-grade (1 • 75 feet below base of rail) to roof, was 20 • 15 ieet ; with an 8-foot heading off, this 
leaves about 12 feet of a bench, with an area of 306 square feet, which gives about 102 cubic yards 
to a lineal advance of 9 feet, or 1 • 05 pound No. 2 dynamite, and 1 • 1 foot of holes drilled to one 
cubic yard of rock broken, holes being drilled with from 1^ to 2f-inch bits, the largest bits 
being put in first. In general, three machines are kept in use at the bench, two on top and 
one below ; to run them, 3 drillers and 3 helpers are needed, about 14 laborers to clear away 
rock, one nipper, aiM a boss. 

Before speaking of the east end, it may be well to state that the enlargement in rock of 
No. 2, or the heading driven west from the slope, was not pushed during the foregoing work, 
tliere not being the same necessity for haste. After passing the junction of headings Nos. 2 
and 3, it was driven on to a point about 175 feet from the slope. There the rock giving out, 
the enlargement in earth, to be followed by arching, commenced. 



The East Heading 

had no serious natural detention from its beginning to end. Its monthly progress is shoMrn by 
p. 372. The open cut was sufficiently advanced by July 22d, 1872, for the top heading to be 
commenced* It was started in a very loose, decomposed syenite, and driven for the first 60 feet 
of the size of, and timbered in the same manner as, the small earth heading at the west end, 
this small heading being subsequently taken out in open cut. At that point, meeting solid 
rock, the heading was enlarged to the full width of 26 feet, and driven on by hand labor, 
until the machines were introduced in January, 1873. Giant powder and IngersoU drills were 
used as at the west end, and centre-cut blasting was begmi in November, 1873, making at once 
a marked difference in the rate of progress, as the men became more familiar with it, raising 
the progress from the previous average of 89 feet per month in 1873 to 116 feet in 1874. 
The compressors were of the Rand & Waring make (see Chapter V., p. 153), and were 
located about 300 feet from the mouth of the tunnel, giving the air about 2800 feet to travel 
at most, by the time the headings met. Four of them were in constant use, three of 12-inch 
and one 16-inch air-cylinder. These compressors consist of a horizontal air-cylinder, driven by 
an oscillating steam-cylinder. 

Steam for running the compressors was supplied by five large locomotive boilers, of 50 
horse-power each, and all the coal and machinery used at this end of the tunnel had to be 
carted some five miles over a heavy mountain-road, from the New Jersey Central depot on 
the west side. 

To expedite the work, the contractor had in use the latest and most approved machinery, 
and no means were spared to push the work in every possible manner. The plant found 
necessary comprised : 26 IngersoU drills, 4 Burleigh and 4 Hand & Waring . compressors, 4 
return tubular boilers at west end, 5 large locomotive boilers at east end, 2 machine-shops with 
repairing outfit, one at each end ; about 1^ miles 6-inch air- and water-pipe ; 2 hoisting-engines, 
one each at the slope and shaft ; 4 locomotive boilers to run them ; a number of steam-pumps 
in constant use ; 2 steam-shovels for removing the west end open cut, run constantly day and 
night, and 2 small locomotives to run out the open cut, and such of the tunnel material as 
could be brought out of the entrance. 

AH material for the west end for over two years had to be carted nearly a mile by rough 
roads from the Central Railroad ; the coal-carting alone made a heavy item of expense, so 
that the east and west ends together kept some twenty-four four-horse teams in constant em- 
ployment. About 1000 tons of soft coal were burnt in the course of the work, by the steam 
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shovels, blacksmiths' shops, and locomotives, and it. took about 26,500 tons of anthracite, in 
the three years, to supply steam for the slope and shaft hoisting engines, pumps, and the west 
and east end compressors. In the whole amount of tunnel-work, about 14 tons No. 1 and 70 
tons No. 2 djTiamite were used ; quite a large amount, including some black powder, being 
also consumed in blasting rock met in tlie open cuts. Some black powder, also, was used at 
first in the tunnel at the start, before the introduction of dynamite. 

Now, as there were about 82,000 cubic yards of rock excavated in the tunnel with 
dynamite, this gives, as a total average, about • 34 lb. No. 1 and 1 • 71 lb. No. 2 burnt per 
cubic yard of rock broken, inclusive of all" work, which tallies, it will be found, pretty well 
with previous estimates made of the powder consumed in heading and bench wjork ; as for 
heading work, it was estimated that about 0-4 lb. of No. 1 was burnt per cubic yard of rock 
broken, and this proportion is reduced in the general average, probably, by some No. 1 occa- 
sionally burnt at the bench. Again, in the heading work, it was estimated that some four lbs. 
No. 2 were burnt per cubic yard broken, and at the bench 1-05 lb. As the rock broken in the 
heading would run about one third of that in the bench, the total average of 1 -71 lb. per yard 
for the whole tunnel is not far from a mean. 

In exploding this powder, 5400 feet of leading wire and 805 lbs., or 261,625 feet, of con- 
necting wire were used ; also 55,100 explodeis, with an agjgregate length of 667,200 
feet of wire attached — making in all a total length of 834,225 feet, or about 16^ miles of 
wire used. For blasting by fuse, some 200 boxes, or alM)ut 20,000 caps, were consumed. 

When in full progress, Mr. McFadden had constantly a force of about 1000 men on 
hand, and with them built up a settlement of several hundred shanties on each side of the 
mountain. 

With reference to these men, it may be noted that the experience at Musconetcong paral- 
leled that on most public works in the obstacles encountered by every contractor — ^namely, the 
swarm of liquor-shanties, which, if not soon checked with a stern hand, will every month throw 
the work almost idle for a week following pay-day. New Jersey law, being proverbially in- 
fallible, might have been expected to be sufficient to stop peremptorily a large unlicensed sale 
of liquor ; but though her laws may ordinarily do for the home-rule of the simple and peace- 
loving aborigines, it was found necessary, on the introduction of a more active community^ 
to pass some special provisions for their benefit ; among these laws was one rendering the sale 
of liquor, in quantities under five gallons at a time, within three miles of either extremity of 
the Musconetcong Tunnel, a crime punishable with a years imprisonment, or one hundred dol- 
lare fine, or both, for each offense. Under this law, several convictions being at once secured, 
the nuisance was effectually abated for the time that the men were most needed. 



Ili:suHE. 

.Ajid now, it may be interesting to note, in a few words, wh^t the history of this tunnel 
in reality has been ; how the three years of its construction have been spent ; wliat plans 
were adopted by the Chief Engineer in designing the work, and what means were employed 
by the contractor for the execution of the same, so as to enable him, in comparatively so short 
a time, to overcome difficulties as persistent as they were formidable. 

First, it will be noted, that, in laying out the work, the deep and long cutting at the west 
end necessitated the starting of the tunnel by a slope, and that subsequently, on heavy bodies 
of water being met, this cut, for a long time — ^in fact, through the majority of the work — 
prevented economic drainage being obtained by bottom headings through the soft ground, as, 
until the bottom bench of the open cut was out, of course the water had still to be raised by 
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pumping, while at the east end, the heading and enlargement started direcUy in from the 
open cut, and meeting solid rock almost at the start, progress went steadily on without any 
serious natural obstacle, to the completion of the work. 

To revert to the west side again, it will be remembered that after getting the heading 
fairly started to the east from the bottom of the slope, water was met in May, 1873, in such 
quantities as first to flood the tunnel, and then, by causing the disaster to the slope, to entirely 
stop all work in the heading until January following. But, in addition to this sheer and 
direct loss of eight months, it must be remembered that after getting to work again in the 
heading, it was not until May, 1874, that tlie rock became firm enough to introduce machine- 
drilling, and that in the four months intervening between the resumption of work in the 
main heading, in January, 1874, and the meeting of this solid rock, in May following, owing 
to the time lost in timbering and taking down loose rock, a total advance of only about 160 
feet was accomplished, a distance subsequently equaled in a single month by machine-drilling 
(November 14tlr to December 15th, 1874). Now, this brings us to May, 1874, to just one year 
from the time the heading was drowned out, making a dead total of one whole year in this 
heading, in which, in spite of every effort, an advance of only 160 feet was gained, from the 
natural and unforeseen difliculties encountered. 

Now, when loose rock was first struck in this west heading, March, 1873, at a point about 
275 feet from the slope, there were yet 3256 feet between headings. After the machines got 
fairly to work at the west end, they made an average in the six months beginning June 1st, 
1874, of 135 feet per month, through a rock which was pronounced harder and tougher than 
any met with in the Iloosac Tunnel, by judges familiar with both. At this rate, the east 
heading would probably have been met June, 1874, the enlargements in rock would have 
been close after, and the tunnel completed nearly a year sooner ; for the soft-ground arching, 
had it not also been detained by water, could have been probably pushed so as to keep up. 
Again, had this tunnel been driven throughout, as certainly many tunnels have been, in 
moderately firm rock, however hard, and without meeting such persistent natural obstacles 
according to the record shown of the progress now possible to attain through the agency of 
machinendrilling and high explosives, it might well have been finished at, say, the moderate 
rate of 125 feet per month of the headings, within less than two years from the start, as the 
main headings from the slope east, and from the east coming west, would have holed in about 
sixteen months, during which time the heading from the slope west and the enlargements 
would have been going on, and leaving eight clear months of the two years for delays in 
starting, pushing the open cuts, finishing enlaigements, and for accidental stoppages, etc. etc.' 



PART III. 

THE HOOSAC TUN^IEL. 

Geological Fohmation of Hoosao Mountain.* (Seb Plate 8.) 

The rocks of the Hoosac Tunnel are in general as follows : Mica-schists, passing into 
micaceous gneiss, more or less feldspathic, having sometimes a seemingly conglomeritic 

* For the section, Plate 3, Bhowlog the formation of Hoosac Mountain, and the accompanying^ notes thereon, 
the author is indebted to Mr. Charles E. Hall, Assistant Geolo^ca^ Survey of Pennsylvania. Dr. T. Sterry 
Hunt has further kindly suggested some notes regarding the same. 
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character, and granitic gneiss. The profile of the mountain from the central shaft to the east 
portal shows the varying firmness of the rock : strong quartzose mica^chists forming the east 
crest of the mountain, followed by softer and more readily disintegrating mica-schists, which 
form the depression between tlie two crests. The uppermost series, or that which extends 
from the east portal to about 8000 feet in the tunnel, has a vertical thickness of not less than 
6500 feet. The rocks underlying this to the west have a more gradual dip to the eastward, 
extending a distance of 6500 feet through the tunnel east of the granitoid anticlinal. This 
scries c)f mica-schists and gneisses has a vertical thickness of 3500 feet. It is repeated in the 
tunnel west of the anticlinal, and extends from the west shafb a distance of 3700 feet east. 
The rock in this portion of the tunnel is much contorted and broken. The granitoid gneiss 
extends a distance of 4500 feet through the tunnel, with a vertical thickness of not more than 
500 feet. For the greater portion of the distance this rock lies nearly horizontal. The tun- 
nel was arched from the west portal to the vicinity of the west shaft, previous to examina- 
tion, and there was tlierefore no way of identifying the strata of that portion with those met 
with beyond. The dip of the rock in this portion has been indicated as received from the 
engineers. The rock through this section was generally much decomposed, and arching found 
to be necessary. 

Dr. T. Sterry Hunt considers this decomposed mass to be the same rock as that of the 
mountain, and maintains that agencies (glacial) which have swept ofE the decomposed surface 
from the entire upper portion of the mountain have spared this protected western flank. 
That the whole surface of the mountain rock was, prior to the glacial period, decayed to a 
variable depth and swept off during that period, is a fact beyond a doubt.* 

Total vertical thickness of rock exposed in the tunnel, 10,500 feet. 

The relations of the so-called Stockbridgc limestone, at the west portai, with the gneiss 
of the mountain, Mr. Hall is not prepared to explain without further examination. He 
feels convinced, however, that there is a break, and that they belong to two distinct series. 

History of the Hoosac TuNNEL.t 

The project of tunneling the Hoosac Mountain was broached as early as 1825. In that 
year a board of commissioners, with Loammi Baldwin as engineer, was appointed to ascertain 
the practicability of making a canal from Boston to the Hudson, in the vicinity of the junc- 

* See on this point also a paper by Dr. T. Sterry Hunt, in the *' Proceedings of tlie Boston Society of Natural 
History," vol. xviii., pp. 100-108, June 2d, 1875. 

t The following history of Hoosac Tunnel lias been compiled by the author chiefly from the Massachusetts 
Legislative Reports, running from 1848 to 1877. A number of these reports, including the valuable one of Feb- 
rttai728th, 1863, were presented to him by Dr. T. Sterry Hunt, of Boston. A number of others he was able to pur- 
chase ; but for the great bulk of the reports he is indebted to Mr. C. D. Elliot, of Somerville, Mass., who kindly 
loaned his set, on hearing that this work was in preparation. 

For the iUustrations of work at Hoosac Tunnel, and of the rock-drills and compressors used (see Chap. V. for 
latter), the author is further indebted to the State Library of Massachusetts. The full State set of photograph<» 
there preserved were, on the application of Mr. Tliomas Doane (formerly Chief and late Consulting Engineer of 
Hoosac Tunnel), to the Governor and Council of Massachusetts, kindly loaned to the author to copy or to make 
notes from. It has been impossible, on account of the expense, to reproduce but a limited number of them ; some 
of these will be found in the following account and in Chapter V. on rock-drills ; but the great advantage to the author 
In having the use of these photographs (and also a final profile of the tunnel, also preserved in the State Library), 
has been in their suggestive character, as making clear many involved points in the State Reports, and supplying 
many missing links in the latter. 

The tables of progress have been compiled from the State Reports, but full details of all work done on the 
tunnel, of which any records are available, will be found in the profile Plate 4, for the preparation of which the 
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tion of the Erie Canal with that river. Their report (MassachnsettB Commissioners' Report, 
1826, p 141) declares that " there is no liesitation in deciding in favor of the Deerfield and 
Iloosac River route," and that " there is no hesitation therefore in deciding in favor of a 
tunnel; but oven if its expense should exceed the other mode of passing the mountain, a tun- 
nel is preferable." 

Railways being shortly after introduced, the canal project was dropped. In 1828, surveys 
were made for three routes to afford Massachusetts railway connection with the West, viz., 
by Greenfield, by Northampton, and by Springfield. The last or Southern route was chosen. 
The work was not begun immediately, but 
Massachusetts never lost sight of the ad- " ^'-'*- .->^.^*.-^^ 
vantage of a direct route to the Hudson 
River. This was finally accomplished in 
1842, "h^^ the completion of the Western 
Railroad to Albany. In 1848, an ap)>li- 
cation was made for a charter for a rail- 
road from the terminus of the Vermont 
and Massachusetts line, at or near Green- 
field, through the valley of the Deerfield 
and Hoosac, to the State Line, there to 
unite with a railroad leading to Troy. 
The charter was granted, and the corpora- 
tion organized Juno 1st, 1848, the capital 
stock being limited to $3,500,000. 

Tlie location of the lino was filed in 
the clerk's oflSco of Pranklin and Berk- 
shire counties, in November, 1850. (In 
October, 1850, a contract was made with 
Gilman & Carpenter for the construction 
of the road.) In 1854, an act passed the Massachusetts Legislature '* to enable the Troy and 
Greenfield Railroad Company to construct the Hoosac Tunnel," by which the State, on cer- 
tain conditions, lent its credit to the amount of $2,000,000. The estimated cost of the pro- 
posed double-track tunnel was $1,948,557, and of the road and equipment, $1,401,443 ; total, 
$3,350,000. This estimate had been made by Mr. H. F. Edwards, the first engineer. 

Fig. 123 shows the cross-section of the tunnel as proposed by him ; his detailed prelim- 
inary estimate for the tunnel was as follows :* 

" A Brief Staterae7it of the Higheat Estimate and Longest Time for the Construction of the 

Tunnel Section of the Troy & Greenfield Hailroad. 

" The length of the tunnel from heading to heading is 24,100 lineal feet, in volume 
equal to 15 cubic yards per lineal foot. 

" Total amount of excavation 361,500 cubic yards. 

Cost of the tunnel per lineal foot $69^^ viz. : 

aatLor is indebted to Mr. Edward S. Philbrick, of Boston, State Consulting Enj^neer, daring the Shanly con- 
tract, 1871-75, and to Mr. Benjamiu D. Frost, Superintending Engineer, during the same period ; also a set of notes 
on tbe cost of machine rock-drilling, ec^pecially prepared for this work by Mr. Walter Shanlj, C. £., of Shauly 
Brothers, contractors, will be found following tbe history of the tunnel. 

For the many courtesies shown him by the above gentlemen, the author respectfully tenders his grateful 
acknowledgments. 

* Report of Joint Committee on Railways and Canals, Massachusetts State Reports. (Senate, No. 57, p. 4, 
March. 1851.) 



Pig. 133. 

CROSS-SECTION OF HOOSAC TUNNEL. 

Propoeed by Mr. A. F. Edwards, Chief-Engineer in 18S1. Scale, 1(K = I* 
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A (seo Fig. 123), 36 feet, at 50c. per foot, $13.50 per yard $18 00 

BB, 100 " " 30c. " " 8.10 "' " 30 00 

C, 269 " " 8c. " " 2.16 " '' 21 52 

* 405 cubic feet, equal to 15 cubic yards $69 52 

Cost per cubic yard 4 68J 

The whole amount for excavating tunnel $1,675,432 

Masonry, 6025 perches (25 cubic feet), at $5 30,125 

Air-pipes, 1080 tons, at $50 54,000 

Superstructure, including iron, etc 64,000 

Engineering and contingencies 125,000 

$1,948,557 

" The above calculation is based upon an excavation of the entire tunnel without anj; 
shafting, and would occupy 1556 days. If a central shaft were sunk, thus making four 
working faces, and dividing it into sections of one and onq eighth mile each, it would reduce 
the time of working to 1054 days. 

" It is to be understood that the above computation is made on the old way of working 
tunnels, without the increased facilities that the present steamrdriUs now in iise^ will give. 
Should such improvements be made in the present manner of steam-drilling as has been 
suggested, and illustrated by models to the directors, by some of the best of our mechanical 
talent, the time and cost will be very materially reduced. 

"A. F. Edwards, Engineer. 
" Engineer's Office, Troy & Greenfield Railroad, North Adams, March 17, 1851*'' 

Still the company were unable to raise the funds necessary in addition to the State loan, 
the magnitude of the undertaking making it evident that a long time must elapse .before a 
return could be expected for capital invested. 

In 1855, a contract was made with E. TV. Serrel & Co., imder which some work was 
done, and another was made with them in 1856, for the construction of the road or tunnel, 
for $3,500,000, they subscribing in stock $440,000, This contract also fell through, as did 
one made with Messi*s. Herman Haupt & Co., in the same year, by which the railroad com- 
pany agreed to pay $3,880,000 for the completion of the road and tunnel. In 1858, a con- 
tract was again made with H. Haupt & Co., by which the contractora themselves agreed ** to 
assume the labor of collecting subscriptions and of carrying on and completing the Troy 
& Greenfield Railroad and the Hoosac Tunnel." Under this contract, Messrs. Haupt & 
Co. were to receive the $2,000,000 in bonds of the State of Massachusetts, to be exclusively 
appropriated to work done upon the tunnel ; $900,000 in mortgage bonds of the company, and 
$1,100,000 in cash, through cash subscriptions and capital stock of the company. Under 
this contract, the work was vigorously prosecuted up to July, 1861, when a difference arising 
between the contractors and the State Engineer, a certificate for the amount claimed by 
the former on a payment was refused, and work thereon was suspended by them. From this 
time until October, 1863,t the work lay idle where the contractors had left it. In 1862, an 
act passed the Massachusetts Legislature, providing " for the more speedy completion of the 
Troy & Greenfield Railroad and the Hoosac Tunnel." Under this act, a board of com- 

* The italics are the author's ; the reader's attention is caUed to this matter-of-fact reference to AmericaQ 
machine rock-drilling in 1851. 

f Senate, No. 50, p. 26, February, 1865. 
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missioners (Messrs. John TV. Brooks, S. M. Felton, and Alexander Holmes) were appointed 
to examine into the matter on the part of the State. At the request of these commissioners, 
the Troy and Greenfield Eailroad Company, acting nnder the aathority of certain provi- 
sions of the act, surrendered to the Commonwealth of Massachnselts, under the several mort- 
gages held by said Commonwealth, the road and property of the company ; this surrender 
having been authorized by the board of directors by a vote passed August 18th, 1862. This 
action was ratified by a vote of the stockholders, and on September 4th, 1862, the commis- 
sioners took possession of the road and its property. 

(With regard to the controversy between Messrs. Herman Haupt & Co. and the State, 
and as to the claims of the firm against the State, it is not in the province of this work to 
discuss the question.) 

The commission, after a full examination of the condition of the road and tunnel, made 
a thorough report* (dated February 28th, 1863), embracing the three following most valuable 
sub-reports : 

(1) Report of Charles E. Storrow on European tunnels. (2) A report by Benjamin H. 
Latrobe on the Hoosac Tunnel. (3) A report by James Laurie on the Hoosac Tunnel, and 
the Troy & Greenfield Kailroad. In conclusion, the commissioners recommended that the 
work should be undertaken by the commonwealth. 

At this point, the actual cost of the tunnel to the State (exclusive of interest), from 1854 
to the time the State assumed control in 1862, had been $778,695. According to the report 
of James Laurie, above noted, the condition of the work was as follows: 

Whole length of the proposed tunnel, feet 24,416 

Deduct portion already excavated at east end 2,400 

Deduct portion between present shaft f and proposed western 

portal of tunnel 1,850 4,250 

Leaving to be excavated under the mountain 20,166 

Work was resumed on the tunnel under the auspices of the State in October, 1863, under 
the control of the same board of commissioners, who appointed Thomas Doane chief-engineer 
in charge. 

During the continuance of the Haupt contract, and previous to it, various trials had been 
made with full area tunneling machines, which will be found described in Chapter V., on 
rock-drills. Also, in that chapter will be found the history of the various rock-drills tried in 
the early days of the tunnel, and of the Burleigh drill, as finally perfected. Mr. Haupt, 
during his contract, made an energetic attempt to perfect a percussion-drill, to be used in the 
tunnel ; but owing to the stoppage of his work, his experiments were discontinued, until sub- 
sequently carried on by himself in Pennsylvania, independently of the Hoosac Tunnel, in 
1864-67. By this time the Burleigh drills, which have since attained so great a reputation, 
had been adopted and were in full use at Hoosac under the commissioners, and they were 
retained throughout the snbsequcnt Shanly contract to the completion of the tunnel. (See 
Chap, v., etc., for fuller notes.) 

A dam — Figs. 124, 125, 126, and 127 — 220 feet in length and 20 in height, was constructed 
by the commissioners on the Deerfield River. It was completed by June, 1865 ; from it, 
water was carried through a canal, at whose mouth a fall of 30 feet was attained, to run tur- 
bine-wheels furnishing power for the air-compressors. 

During the first year of work of the commission (1864), no advance was effected at the 

* Report of Commissioners on Troy & Greenfield R.R. and Hoosac Tunnel, February 2Sth, 1863, p. 20. 
f The shaft here referred to was the *' west shaft/' 806 feet in depth, sunk by Messrs. Haupt k Co., on the 
west side of the mountain. 
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east heading, of which it will be remembered some 2400 feet had been completed prior to 
1863. During this year, the grade of the 2400 feet was lowered, and by December, 1864, 
the bench of the old workings was reached. This was taken out by March 15th, 1865, and 
about that time the new heading was started in at the bottom instead of the top as formerly, 
the new dimensions being 15 feet wide by 6 feet high ; the heading located 4j|> feet above 
sub-grade, to give suflBcient height for working after the 4^ feet were blasted out and the 
drain and tracks pnt in ; the idea being to have a culvert or box in the middle of the tunnel. 
The water accumulating in the tnnnel was to pass out on the bottom of this drain ; in it were 
to be laid a 12-inch pipe, to carry air at low pressure, for ventilation only ; an 8-inch pipe, to 
caiTy air at 60 lbs. pressure for the drills ; a 3-inch pipe, to carry water for injecting into the 
drill-holes ; and a 4-inch pipe, to carry gas for lighting. All these early plans were of course 
much changed and modified subsequently. 

On January 1st, 1864, the central shaft was begun ; the plan being an ellipse of 27 by 15 
feet, with the longer axis lying in the line of the tunnel ; area, about 318 square feet. Work 
was stopped September, 1864, and resumed in the spring of 1865. Bock was reached after 
about 25 feet of cutting. The sinking of this shaft was continued through the term during 
which the State Commissioners had charge of the work. It was finally sunk to grade by the 
Messrs. Shanly during their contract, reaching bottom August 13th, 1870. 

The lineal progress of the work will be seen in the tables of progress at the end of this 
chapter, and on the profile Plate 4. 

The west shaft, 8 feet by 13 feet in the clear, and 316 feet deep, had begn sunk before 
the State took possession of the work ; work was resumed in the headings, east and west, from 
its bottom in 1864, the total amount at both sides that had previously been driven at the time 
of sinking the shaft being about 56 feet. 

The following tables* from Mr. Doane's report give a comprehensive summary of the 
work done in three of the headings driven in 1865. 



TABLE 28. 



Dajs of labor 

DriHs dulled 

Inches of holes drilled 

Namber of holes drilled 

Pounds of powder used 

Feet of fose used 

Pounds of candles used 

Feet of advancement made. . 
Cubic jards of rock removed 



■AST HEAODCO.t 



April 1, 1865, toNovem- 
ber 1, 1866. Nonnal 
croes-sectlcm 6 x 16 ft 
Average areas lOU aq. 
ft 



5,459 00 

117.273 00 

246.188*00 

9.684 00 

7.68000 

88.299 00 

2.72000 

411 00 

1.521 00 



HXABnCO BUHKINO XA8T TBOM 

BUATT, 



Febmaiy 1. 1866, to Jaly 1, 1865, to Novem- 
July 1, 1866. Normal ber 1, 1885. Normal 
croas^ection = x 1 1 ^ croaa-section = 6 x 15 



ft Average 
taken aa 77 aq. ft. 



1.26500 

10.721 00 

87,79200 

1.69900 

974-00 

8,690 00 

49000 

6900 

16000 



It. Average 
taken aa 105 aq. ft 



2.808 00 

85,446 00 

119,220 00 

5,01700 

2.621 00 

10,701. 00 

1.10200 

164*00 

68900 



* Massachusetts Legislative Reports, House, No. 4, pp. 81, 40, 41 (January, 1866). 

f The average area in these headings is taken a little larger than the product of the normal height and width 
would give, to allow for irregularities. 
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TABLE 28. {CarUinued.) 



Giving for one day's labor of one man : 

Drills dulled 

Incites of holes drilled 

Number of boles drilled 

Pounds of powder used 

Feet of fuse nsed 

Poands of candles used 

Feet of progress made 

Cubic yards of rock removed 

Or one foot of adrancement required : 

Days' labor of one man 

Drills dulled 

Inches of holes drilled 

Number of holes drilled 

Pounds of powder used 

Feet of fuse used 

Pounds of candles used 

• 

Average depth in inches of holes 

Average depth of hole in inches cut by each single drill 
Average pounds of powder consumed in eadi hole. . . . 

Average feet of fuse used for each hole 

Holes all drilled If inches diameter. 



EAST BSADIXe. 



April 1, 1886, to Novem- 
ber 1, 1865. Normal 
cro8fl*8ection6x 15 ft. 
Ayenge area = 100 sq . 
ft. 



21-483 
45.090 
1764 
1-406 
6100 
0-498 
075 
0-278 



13-291 

285-544 

599-313 

23-457 

18699 

81- 078 

6-622 



25-549 
2099 
0797 
8*456 



HSADnra buknivo xabt fbox 

SHAFT. 



THK WX8T 



Febraary 1, 1865, to'jnljr 1, 1865, to Novem. 
July 1, 1866. Normal ber 1, 1865. Normal 
cnM0-0ccii(»n = 6 x 11 croas-sectioii r= 6 x 15 
ft. Average area ft. Avera^ area 
taken as 77 sq. ft. taken as 406 tsq. ft. 



8-544 
30- 119 
1-354 
0772 
2-941 
0-390 
0047 
0134 



21- 195 

18M00 

638-377 

28-365 

16-451 

62-331 

8-281 



22-243 
3-525 
0578 
2. 172 



12-623 
42-458 
1-786 
0-897 
3-811 
0-892 
0058 
0-228 



17090 

215-739 

725-624 

30-536 

15-344 

65 131 

6-708 



23763 
3-363 
0-502 
2-133 



By comparing the last two colurans of the above table, we get a ratio between a head- 
ing eleven feet wide and one fifteen feet wide, and for it the day's labor of one man is 

TABLE 29. 



- 


BLBTEX FER HEADUVO. 


nPTEXK FBBT HVADINO. 


One man drills inches of holes 


30-119 
-047 
-134 


42*458 


" makes feet of advancement 


•058 


** removes cubic yards of rock • 


•228 







showing that the wider heading gave better results of work. This wide heading had been 
previously used in the Haupt contract, and we shall see that when the system of machine 
rock-Kirilling was perfected during the Shanly contract, the size of the heading was further 
increased to the full width of tunnel. 

In 1866, Mr. Benjamin H. Latrobe was appointed consulting engineer, Mr. Thomas 
Doane still retaining the position of chief engineer. During this year, machine rock-drills 
were first regularly introduced into the east heading in June. (For full details of the com- 
pressore and drills, and of the Burleigh drill, introduced November, 1866, see Chap. V.) 

In 1866, electrical firing with the frictional ebonite battery was introduced by Mr. 
Doane,* in preference to Shaffner's electro-magnetic system, which had been previously tried 
under Mr. Doane's direction in 1865. In this year a set of very successful trials of nitro- 
glycerine were instituted by Mr. Doane, the nitro-glycerine used being imported from 

♦ MassachosetU Legislative Reports, House, No. 80 (Janoarj, 1867), p. 21. 
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Europe, by Mr. T^l. P. Shaffner, who was the first to introduce the Nobel patents into the 
United States (see |t 66), 

The following si^mary from Mr. Doane's report for 1866 * gives " the average times 
occupied under the machine-drilling system in the various operations.'^ Mr. Doane says, 
further, '^ The blasting hts been done once in eight hours, and the averages are made up from 
data kept through the whole time." 

TABLE 30. 



ima. 


w 

RIWOVDI^ BOCK. 


FREPABIlfa TO DRILL. 


XACHIMU DBXLLIXO. 


LOADIXO AMD BLABTXirO. 


July 


A. fn. 
1 06 
1 08 
1 03 
54 


A. m. 
32 
30 
13 
10 


A. m. 
5 07 
5 06 
5 31 
5 57 


A. fit. 

1 13 


W U<J 

A"jru*it 


1 16 


September 


1 23 


October 


59 







During the year (1866), the headi^fe driven west from the west shaft was only driven 
18*2 feet, reaching a point 298 feet from the shaft. The heading east from the west shaft 
progressed steadily, attaining a very satisfactory rate of progress, averaging some 49 feet 
per month. During the year, the following^ expenditures were incurred at the east heading 
and at the heading driven east from the west shaft f (according to Mr. Doane's report). 

TABLi; 31. 



Days of labor, including foremen 

Number of macliines sent out 

Drills dulled 

IncLes of holes drilled 

Numl>er of holes drilled 

Pounds of powder used 

Feet of fuse 

Pounds of candles 

Feet of progress made 

Cubic yards of rock removed 

Giving for one day's lal)or of one man : 

DrilUng-machines broke down 

Drills dulled 

Inches of holes drilled 

Number of holes drilled 

Pounds of powder used 

Feet of fuse used 

Pounds of candles used 

Feet of projrress m ade 

Cubic yards of rock removed 

■ ■ ■ ■ ■ ■ ■ - — ■ . J 

Or one foot of advancement required : 
Number of drilling-machines wonting until broken 

Days' labor of one man 

Drills dulled 

Inches of holes 

Number of holes 

Pounds of powder 

Feet of fuse 

Pounds of candles 

Cubic yards of rock removed 



XAST HBAOIKO. 



HSADDIO DBITKIC XA8T 
TOOK WXf T SHAPT. 



NoTemb^ 1. 1865, to Jnne 14, 1866, to Novem-.Noyember 1,1865, to No- 
June 8, 1866. (Hand ber 1,1866. (Macliine yember. 1,1886. (Hand 
labor an4 black pow- drills with black pow-l labor with black pow- 
der. Ai^ 105 eq. ft.) der. Area 106 eq. ft) der. Area 105 eq. ft) 



5,476 <00 

112,489 .'q6 

255,78900 

9,8280fli 

6,568 00 

80,202 00 

2,606 00 

40000 

1,517. 00 



20*540 
46708 
1795 
1198 
6-515 
0476 
0073 
0277 



13-674 

280- 871 

638-624 

24539 

16-387 

75- 410 

6-506 

8-788 



4,350 
979 

9,336 
161,504 

5,229 

6,313 
21,951 

2,268 
191 
926 



•00 
-00 
•00 
-00 
•00 
-00 
•00 
-00 
-00 
-00 



0-225 
2-146 
87-123 
1-202 
1-451 
5-046 
0-521 
0044 
0-218 



10,101-00 

188,565-66 

477,450 00 

18, 186 00 

9,70400 

40,896-00 

3,447 00 

687-00 

2.358 00 



22-718 

5112 

48-752 

843-363 

27- 305 

32-966 

114-626 

12-842 

4-885 



18 
44 
1 

4 






662 
298 
800 
961 
049 
842 
063 
288 



15-865 

296-066 

702-764 

28-568 

15-241 

64-231 

5-614 

8-708 



* Maaaachuaetta Legialative Reports, Houae, No. 30 (January, 1867), p. 84. f Ibid., pp. 80, 40, and 41. 
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TABLE 31. {ChrUinued) 



• 


1 

XABT HXADXIVO. 


HKADINO DRITXM EAST 
FBOX WEST SHAFT. 




November 1, 1865, to 
June 8, 1868. (Hand 
labor and black pow- 
der. Area 105 sq. ft.) 


Jane 14,1666, to KoTcm- 
ber 1,1866. (Machine 
drillflwith black pow- 
der. Area 105 sq. ft.) 


1 

November 1,1865, to No- 
vember 1. 188G. (Hand 
labor with black pow- 
der. Area 105 eq. ft.) 

• 


Averafire depth in inclies of lioles 


26025 
2274 
0-668 
8073 

• • • • 

• • • • 


30-886 

17-299 

1-207 

4- 178 

164-968 

5-341 


24-604 


Depth of hole in inches cat hy each single drill 

Pounds of Dowder consamed in each hole 


2-374 
0-533 


Feet of fuse used for each hole 


2-249 


Depth of holes cut by each drillinir-machine 




Number of holes cut by each drilling-machine 


• * • ■ 




Holes If incbes 
diameter. 

• 


Holes If to 1} inch- 
es diameter. 


Holes 1| inches 
diameter. 



A supplementary shaft to the west, 277 feet deep, was sunk during 1866, at a point 
264 feet west of the west shaft, in order to give a longer base-line for the surveys running east. 
It was deemed imprudent to continue the long line east from the west shaft with so short a base 
as the mere width of the shaft, 8 feet. The supplementary shaft was made 6 by 13 feet in 
clear, the 13 feet being at right angles to the tunnel line. 

During the summer of 1864, the decomposed rock of the west end was first met in open 
cut. Subsequently, borings were tried to ascertain the nature of the material between the 
west shaft and the west end. Owing to the nature of the ground, these borings did not suc- 
ceed well, and four test-pits or wells were sunk during 1865-66, as follows : 

TAP.LE 32. 



WXLL8 OB TEST-PITS. 



Distance from west shaft (in feet) 

Surface above sub-grade 

Depth of well 

Depth of boring below well 

Reaching a point above or below sub-grade 
Top of decomposed rock below surface 

" •* ** above grade 

" solid " below surface 

** •* " above sub-grade. . 



No. 1. 



2091 
79-5 
380 
43-5 

—20 
130 
66-5 

None 



<( 



No. S. 



1976-0 

118-0 

610 

500 

+16-0 

460 

710 

None 



(« 



No. 8. 



17180 

184 

67-0 

68-0 

-10 

670 

670 

one 

N*' 



No. 4. 



924-0 
*^150 
1030 



+1020 
None 



i« 



1380 



In this year (1866), also, the masonry at the west end was given on contract to Mr. B. 
N. Farren, who effected a total advance of 131-5 feet from August 9th, 1866, to November 
1st, 1866. 

In the Commissioners' Report for 1866, Mr. B. H. Latrobe's first report as consulting 
engineer is embodied. 

In 1867, Mr. Doane resigned as chief -engineer. 

So many able and distinguished engineers and contractors have, during the progress of 
the Hoosac Tunnel, contributed in a greater or less degree to its final success, that it would be 
out of place in a record such as this purports to bo for the author to attempt to give especial 
credit to any, where so much was done by all, in the work of the tunnel proper. But Mr. 
Doane's connection with the Hoosac Tunnel in the early days of that great work is not a 
matter of especial, but of universal, interest to the engineering profession in America ; for 
to his persistent energy, his far-seeing sagacity, and his able management, we in a large meas- 
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ure, and in fact cliiefly, owe the development and introduction into this country of the present 
advanced system of tunneling with machinery and high explosives ; it was under his direc- 
^ tion, as engineer of the commission,*that the State experiments were made, and the Jong and 
disheartening fight carried tlirongh which terminated in favor of the new system, the system . i 

which has since given us the Burleigh, Ingersoll, and Wood drills, and which also first showed j 

Americans practically what the potent agency of nitro-glycerine first applied by Nobel in Eu- I 

rope in reality was. • i 

Mr. W. P, Manning was appointed to the position resigned by Mr. Doane. Mr. Man- ; 

ning also resigned after a tenure of a few months, and the work was conducted through the 

year under the charge of Alvah Crocker, as resident commissioner. Mr, Benjamin H. Latrobe. \ 

still continued in the oflice of consulting engineor. After the resignation of Mr. Manning, 
there was no chief -engineer appointed, Mr. W. P. Granger acting as resident engineer. The 
work from August 1st to November 1st was prosecuted under contract by Messrs. Dull, 
Gowan & White, except the west end arching, which had been let to Mr. Farren during the 
previous year. In April,* 1867, Mr. Farren also took a contract to drive an adit between 
the west end and the heading driven west from the west shaft. It was started 4^ feet wide 
at bottom, 3 J wide at top, and about 6 feet high in the clear, above the drain. In October, 
1867, owing to the accidental lighting of some naphtha at the central shaft head house, the 
buildings and shaft were consumed, and thirteen lives lostf Owing to this accident, the 
contractors voluntarily surrendered their contract, received their pay, and returned the work 
to the hands of the commissioners. By inspecting the table of progress at the east end during 
this year (Table 42, p. 373), it will be seen tliat from Juno on the progress reached a point 
higher than any rate ever previously attained at the tunnel. This is ascribed in the Commis- 
sioners' Report to the adoption of the improved Burleigh drill. During the year, Mr. Farren 
completed 350 feet additional of brick tunnel. 

During July and August, 1867, the west heading was raised from bottom to top. In 
July, Alvah Crocker, commissioner in charge of the work, called Mr. George M. Mowbray to 
North Adams to furnish nitro-glycerine. Tho<natter, however, was not matured until after 
the termination of Dull, Gowan & White's contract. 

The whole number of men employed on tlie tunnel January 1st, 1868, was : East end, 
210 ; central shaft, 32 ; west shaft, 172 ; west end, 86 ; engineer's roll, 9 — total, 509. 

In the reix)rt of the consulting engineer,:]: Mr. Benjamin 11. Latrobe, for 1867, occur the 
words: "For my own part, I have never wavered in my opinion that the contract system 
is the only one by which the work can be done with economy and expedition combined. The 
nnfavorable results, in some respects, of the contract with Messrs. Dull, Gowan & Co. have 
not in the least shaken this conviction." ..." The work done under their contract has, 
with an exception to be duly noticed, cost the State vQry greatly less than similar work 
executed by herself, notwithstanding all the commendable efforts which have been made by 
the commissioners to cheapen the operations conducted by day labor under their immediate 
direction. Thus tlie heading at the east end, for which the contractors received $7.25 per 
cubic yard, cost the State, for thej)art done by her, $24.46 per cubic yard, or nearly 3^^ times 
the contract price. I am told, indeed, that Messrs. Dull, Gowan & Co. represented them- 
selves as losers by their price for this part of the work, and requested to have it increased to 

* MassacliasettB Legislative Reports, Senate, No. 20, January, 1868, p. 17. 

f An accident bearing; some resemblance to ibis occurred at the Hauenstein Tunnel iu Switzerland in 1857. 
In tbe latter case, owing to the burning of a shaft, some fifty-two miners were inclosed in a drift, and suffocated 
by foul air. (Massachusetts Legislative Reports, House, No. 835, 1868. See also p. 51 of Mr. Chas. S. Storrow's 
report, above referred to.) 

t Massachusetts Legisktive Reports, Senate, No. 28, January, 1868, p. 50. 
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$11 per yard. If so, and the increase had even been made (which 1 would not have recom- 
mended) the cost to the State under the contract so modified would have been less than half 

what it was costing her in the other way TBe single item in which the cost per 

cubic yard of State work falls within the contract price of Dull, Gowan & Co. is that of ex- 
cavation at the central shaft, which seems to have cost but $22.59 as done by the common- 
wealth, while the contractors received $25 per yard. The difference of $2.42 is less than an 
ordinary margin for contiugencies and profit on contract work, and much, if not all of it, 
might well be absorbed by the increased cost of the work as the shaft deepened. 

" The steady progress of the arching at the west end, and the great reduction of cost 
thereat, as compared with the previous execution of the same work by the State, notwith- 
standing the very liberal prices paid the contractor, should recommend the contract system 
for all other parts of the work, proper care being taken that- able and reliable contractors are 
employed in every case. Until this system is adopted and consistently adhered to, all 
estimates of the ultimate cost of the work will be worse than useless, because they may 
mislead the State, who has taken the enterprise upon herself." 

In October, a clear connection was effected in the headings between the west shaft and 
the west end of the tunnel. 

During the year 1868, Mr. Benjamin D. Frost was appointed superintending engineer in 
May.* 

It will be remembered that a set of four prospecting shafts were sunk by Mr. Doane at 
the west end in 1865-'66. In September, 1867, Mr. Crocker commenced sinking one of them, 
Well No. 4, down to grade. It was then 103 feet deep. This well-reached grade (215 feet 
deep) in April, 1868, and headings were then commenced both ways. On July 7th,t connec- 
tion was made with the heading driven west from the west shaft, and in October, 1868, this 
Iieading continued on west from the west shaft, met the adit driven east from the west end, 
thus affording connection throughout, and a clear flow for the water from the heading driven 
east from the west shaft. 

Machine-drills were introduced into the ^ast heading of the west shaft in June, 1868, 
and nitro-glycerine in August. In the month of September, a linear advance was attained of 
51 feet for five sixths only of the full month's work. The two carriages used were larger 
than those at the east end, and intended to carry five drills each. (It will bo remembered 
that this heading was raised from bottom to top in July and August, 1867.) In Mr. Ben- 
jamin D. Frost's report for 1868,:!: in speaking of the use of nitro-glycerine, he says: 

*'Its superiority over the powder ordinarily used in blasting, as demonstrated by our 
own experience, may be briefly expressed in the following items : 

"1. Less number of holes drilled in proportion to area of face carried forward. Esti- 
mated saving, 33 per cent. 

" 2. Greater depth of holes permissible. Average depth for nitro-glycerine, 42 inches ; 
for blasting powder, 30 inches. 

" 3. More complete avail of the full depth of hole drilled." 

(Simultaneous blasting by electricity used.) 

On December 24th, 1868, a contract for the completion of the Hoosac Tunnel was finally 
given to tho firm of Shanly Brothers, of Montreal, Canada, for the full sum of $4,594,268, the 
tunnel to be completed by March 1st, 1874, the governor and council having authority to 
extend the time, if necessary, six months longer. 

According to the statement of the Commissioners on the Troy & Greenfield Railroad 
and Hoosac Timnel, as cited in Mr. Latrobe's report to the Governor for 1868,* the cost of 

* Massachusetts Legislative Reports, House Doc. No. 102, March, 1860, p. 58. f Ihld., p. 61. % ^^^<^» P- ^ 
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the tunnel to the State up to December Slst, 1868, had been in all $3,002,176, This amount 
being paid directly from the State appropriations, beginning with the one of $2,000,000 in 
1854, and being exclusive of tlie amounts paid for the construction of the Troy & Gi'eenfield 
Bailroad, and for the Southern Vennont Eailroad. It was therefore estimated that the final 
cost of the tunnel, exclusive of engineering and other incidental expenses, would be : 

Total cost to December 31st, 1868 $3,002,176 

Amount of contract with Shanly Brothers 4,592,000 

Total estimated cost of Tunnel, Jan. 1869 $7,694,176 

There had also been to date, in addition to this expenditure of $3,002,176 for the tunnel, 
an additional amount of $1,500,922 paid out by the State from 1854 to December 31st, 1868, 
on the construction of the Troy & Greenfield Railroad, and for the purchase of the Southern 
Vermont Kailroad. 

The Shanly contract was mainly as follows : Dimensions of the tunnel, in rock, without 
arch, 24 feet wide by 20 feet high in the clear ; where arching required, 26 feet wide by 21 J 
feet high above the rail in the clear. A central drain to be constructed as required, with 
dimensions inside of masonry of nqj; less than 2 feet square. 

The average rate of progress to be kept up, to be : (1) tunnel enlargement, 75 feet per 
month ; (2) heading enlargement, 75 feet per month ; (3) extension of full-sized tunnel, 125 feet 
per month ; (4) excavation and construction of central drain, and laying pipes through the tun- 
nel, 150 feet per month, or not more than 500 feet behind the advanced heading. 

The bid of Shanly Brothers was in a gross sum for the whole amount of $4,594,268 ; 
but arrangements were made for certain rates to be paid on the monthly estimates, as will be 
seen by consulting their contract. 

At the end of 1868, Mr. Benjamin H. Latrobe resigned his position as consulting 
engineer. In his reportf he says : 

" The policy of the contract system for the further prosecution of the tunnel to comple- 
tion, which my previous reports will show me to have recommended, having been adopted by 
the Legislature in their act of Jime 11th, 1868, and the work having been contracted for with 
parties whose testimonials of character afford every reasonable assurance that they will per- 
form what they have undertaken, and whose financial ability will be thoroughly- tested by the 
reservation of the large amount which they have agreed to leave in the hand of the com- 
monwealth as a guarantee, I think the difiiculties which have attended this great enterprise 
may be considered practically at an end. Vast as is the magnitude of the work, it has not, in 
fact, presented physical obstacles as formidable as those which have embarrassed many other 
undertakings of similar work. 

" The ' demoralized rock,' as it has been called, at the west end, was indeed a troublesome 
feature, but not so bad as the quicksands and slippery clays of some of the English tunnels. 
The water in the west shaft required only good pumps and ample power to keep it down. 
The central shaft has been dry and attended with no drawbacks, except those which casualties 
that might have been avoided with ordinary care have produced ; and, lastly, the east end has 
been as straightforward and really comfortable a piece of underground work as could be 
wished for. The real difficulties of the enterprise have been due chiefly to other causes of 
an extraneous character, to which, as it is hoped that they are now no longer in action, it is 
not necessary to ref ey more particularly." 

* Senate No. (1869), p. 10. f ™<J-. P- 6, 
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All work on the tunnel had been suspended * previous to January 1st, 1869, excepting the 
prosecution by B. N. Farren of his unfinished contract for the construction of a portion of 
the brick arch at the west end. This he completed early in February, 1869, and the work 
was taken up by Shanly Brothere in April following. 

Early in March, 1869, Shanly Brothers were ready to go on with their work, commenc- 
ing excavation at the east heading March 29th, at the central shaft (sinking) May 20th, at the 
west end heading July 2d, and by December they had a force of about seven hundred 
men at work in all.f Though the articles of agreement had been made between Shanly 
Brothers and the State on December 24th, 1868, still the completion of their negotiations 
with the agent of the commonwealth appointed for the transfer and sale of State property was 
not attained until March 26, 1869. On August 13th, 1870, the central shaft reached 
tunnel level ; from this date to October 25th, 1870, there was no advance made from 
the bottom of the shaft, the time being taken up in trimming down its sides and in repairing 
and strengthening the timbe)*ing and guides, etc. A heavy rain-storm:|: on October 3d and 4th, 
1869, did much damage to the workings at the west end, where operations had to be stopped 
entirely from October 4th to 25th in consequence. The principal damage was caused by 
the sudden swelling of a brook which had fonnerly crossed the line of the railroad about 
350 feet west of the tunnel portal, but which had been diverted by excavating a new channel 
parallel with and sonie 150 to 200 feet north of the line of the railroad. This stream being 
swollen by the rain, suddenly undermined its banks, and, forming a dam of debris^ backed 
into the tunnel, and so sudden was the rise that in one and a half hours the water had risen 
15 feet above the brick arch at the mouth, and backed up through the arched tunnel and 
driftway beyond into the workings east of the west shaft, filling them as far as the advance 
heading ; all the men escaped but one, who was caught in the tunnel and drowned. So tight 
was this debris dam that by October 13th, the water was still one foot above the top of the 
brick arch at the west portal, in spite of all that could be done by a large force which tlie 
contractors put to work immediately on October 5th. At the east end no serious damage was 
done by the rain, the work being only interrupted one day. 

During 1870, " the improved Biurleigh drills gave highly satisfactory results." § Mr. 
Walter Shanly says of them : 1 " The use of the Burleigh drill saved about two thirds of the 
expense of drilling. The expense of labor would have been, I think, fully three times the 
cost of machine-drilling. To have done this work by hand-drilling would have taken, I 
should estimate, not less than twelve years." In 1870 nitro-glycerine was in general use 
throughout the work. Later, during 1874, mica powder (see p. 88) was largely substituted 
for pure nitro-glycerine, especially for roof -holes, and in taking up the bottom or bench. 
During five years' time, about 444,735 lbs. of nitro-glycerine and about 100,000 lbs. of 
mica powder were used by the Shanly Bros. Dynamite was tried on several occasions, but 
preference was given to pure nitro-glycerine and mica powder, botli being manufactured in 
the vicinity by Mr. Geo. M. Mowbray. 

It being now deemed expedient for the State to again have a consulting engineer, Mr. 
James Laurie was appointed by the governor on May 8th, 1871, Mr. Frost still continuing to 
act as superintending engineer. The work now went on steadily to its completion : as the 
system of applying power-drills became better understood, the rates of progress of course 
became greater. The centre-cut system of blasting (explained fully in the description of the 

* Report of Joint Standing Committee for 1869. Senate, No. 58 (1870), p. 4. 

t Ibid., p. 10. 

X Senate. No. 283, 1871, p. 11. 

§ Report of Consulting Engineer, Senate Doc. No. 283 (1871), p. 25. 

I House, No. 375. May. 1874, p. 26. 
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Miisconetcong Tnnnel, p. 309), was developed and the general rates of work will be seen in 
Table 42, etc., and on PI. IT. 

Fig. 128 shows a general plan of the compressors and macbinerr used at the central shaft, 
and Fig, 129 is a bench-carriage emploved to hasten work by breaking up the bottom at in- 
termediate points. The regular bench-carriage used both at Hoosac and MuscooetcoDg has 
been shown (Fig. 120). 




Fia, 138. 
GROPND PLAN OF THE BUILDINGS AND MACHINERY, CENTRAL SHAFT, HOOSAC TUNNEL. 



Finally, the east heading met the one driven east from tho central shaft on December 
12th, 1872, and the west heading met the one driven *eat from the shaft on November 27tb, 
1873 : the errors in alignment nnd levels being astonishingly small. 
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The following short table* will show concisely the amount of heading driven yearly by 
Shanly & Co. : 

TABLE 33. 



ADVANCE or nsAinNos. 



From eabt end 

Central shaft j^^^\- 
West end 



Agfgregate lineal feet. 



1869. 


1870. 


1871. 


1872. 


1239 

• • • • 

• « • • 

449 


1514 
60 
87 

1203 


1743 
277 
158 

1380 


1495 

1226 

119 

1616 


1688 


2864 


3553 


4456 



1878. 



1697 
1435 



3182 



Total amount of heading driven by Slianly & Co 15,698 

Pnbr to this time, on February 7th, 1871, Mr. Edward S. Philbrick had been appointed 
State Consulting Engineer in place of Mr. Laurie, resigned. 

As the headkigs east and west from the central shaft were not commenced until October 
25th, 1870, it will bD jseen that the alignment of these headings, probably the most difficult 
and delicate task recorded in the annals of tunnel-surveying, was conducted during Mr. 
Philbrick's incumbency and under his supervision as State Engineer. On February 8th, 1875, 
Mr. Philbrick resigned, on the completion of the Shanly contract, the work on which he had 
been consulted having terminated. Prom this time on, the only work that remained to be 
done was the completing of the arching; and where the services of a consulting engineer were 
required, Mr. Thomas Doane, who, it will be remembered, as chief-engineer designed the 
original arched section in 1866, was consulted by the governor. 

The Messrs. Shanly concluded their contract and effected a provisional settlement Decem- 
ber 22d, 1874. Independently of the contract taken by them, fta agreement was entered into 
between the State and B. K. Farren on November 19th, 1874, to do certain enlarging and 
arching at the eastern portal of the tunnel. The working profile Plate 4 ^ows the portions 
of the tunnel finally lined, with the dates at which the work was done. 

By authority of an act passed in 1874,f five experts, viz., Prof. T. Sterry Hunt, of Bos- 
ton, and Prof. James Hall, of Albany, as geologists, and Thomas Doane, Josiah Brown, and 
Daniel L. Harris, as engineers, were appointed to examine and report separately on the 
amount of arching that would still be necessary. The total amount of arching recommended 
by them throughout the tunnel at various points was as follows if (these amounts include in 
each case, under the column " Safe," the amount of tunnel previously arched by Farren and 
by Shanly Brothers^ amounting in all to 2410 feet) : 

TABLE 34. 











I.INSAL PXBT. 




• 


■ 




Safe. 


Trim. 


AKh. 




West of 

Central 

Shaft. 


East of 

Central 

Shaft. 


Total. 


West of 

Central 

Shaft. 


East of 

Central 

Shaft. 


Total. 


West of 
Central 
; Shaft. 


East of 
Central 
Shaft. 


Total. 


James Hall 


5651 
9394 
6865 
4550 
2518 


9036 
10,443 
9725 
9410 
7991 


14.687 
19,837 
16,590 
14,000 
10,509 


2200 
655 

• • • • 

• ■ ■ • 

5873 

! 


295 

• • • • 

» V • « 

• • • • 

2417 


2495 
655 

• • • • 

• ■ • • 

8290 


4393 
2195 
5879 
7694 
3853 


3506 
2394 
8112 
8387 
2429 


7899 


T Sterrv Hunt 


4589 


Josiah Brown 


8491 


D L. Harris 


11,081 


Thomas Doane 


6282 






AvGMflre 


. 5796 


9329 


15,125 


2909 


904 


3813 


4703 


2965 


7608 







* Report Joint StandlDfr Committee, Senate, No. 201 (1874), p. 18. 

f Sec. 5, Senate Doc. No. 861, 1874. % House, No. 0, Jan., 1875, App. I., p. ix. 
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These reports were all made in October of 1874. Previous to this date, an examination 
had been made by the consulting engineer, Mr. Edward S. Philbrick, with the superintending 
engineer, Mr. B. D. Frost, and, in a» report dated July 1st, 1874, Mr. Philbrick gave as his 
opinion that * " there will be certainly required, for the safe passage of trains, a further 
amount of 1600 feet of arching ;" also Mr. Philbrick speaks of a still further length of 3550 
feet, concerning which at that date he could not give a positive opinion ; that there was further a 
length of some 20,500 feet which required to be carefully gone over and sounded, and the loose 
pieces detached, the rock having become loosened since the original excavation was made, 
owing to veins of talc and feldspar intersecting the mica-schist, which gradually became decom- 
posed by the action of percolating water. The rock besides, especially west of the central 
shaft, was very seamy, cutting the mass into detached blocks, having little or no cohesion, and 
carrying large quantities of water. The total amount finally arched will be seen on the profile, 
Plate 4. 

Under the law of 1874, a board of corporators of the " Boston, Hoosac Tunnel & 
Western Ilailroad " was created : they, in their report for 1874,t put the cost of the tunnel to 
the State up to date at $14,000,000 : this, however, includes the sums expended on the 
railroads connecting with it, and is not the figure for the tunnel alone. 

By a subsequent act of 1874,:!: the corporators were superseded by five directors, to 
whom the interest of the State in the tunnel and railroad was transferred. 

By the Report of the Joint Special Committee§ of the Massachusetts Legislature, dated 
April 20th, 1877, the following final summary is given of the history and cost of the tunnel : 
" Work was commenced upon the tunnel in 1854. Total length of tunnel and Troy & Green- 
field Railroad = 44 miles. Work upon the tunnel was prosecuted by the Troy & Greenfield 
Railroad Company, with the assistance of State loans, until September 4th, 1862, when the 
State took possession, and, except a small portion, completed the work July 1st, 1876. 
Opem'ng made through the mountain, November 27th, 1873." (The first engine was run 
through the tunnel February 9th, 1875 ; its name was the " N. C. Munson," and it was run by 
Thomas Doane). " The first passenger-trains began to run through the tunnel October 13th, 
1875. At this date, arching and other work was still going on : the first freight-train ran 
through from the west April 5th, 1875, and the tunnel was declared completed and open for 
business July 1st, 1876. The total cost of the Hoosac Tunnel and Troy & Greenfield Rail- 
road to the State, up to January 1st, 1877, was $17,322,019. Of this total cost, the amount 
of $3,287,835 is interest ; so that, without any regard to the sinking fund, the actual cost of 
the Hoosac Tunnel property" (including the railroad), " exclusive of interest paid, up to Jan- 
uary 1st, 1877, amounts to $14,034,185." 

Now, it must be borne in mind that this figure represents the cost of the " tunnel 
property" so called — in other words, besides the tunnel, it covers the cost also of some 44 
miles of railroad ; it also includes $200,000 paid for the purchase of the Southern Vermont 
Railroad. 

Going back a little, we see (p. 227) that the figure for the cost of the tunnel alone, 

np to the Shanly contract, was $3,002,176 

Itt addition, we have amount of Shanly contract as per bid 4,594,268 

Additional payment (over and above contract price) to Shanly Brothers, as per 

Resolution,! Acts 1875, Chap. 73 131,000 

$7,727,444 

♦ House, No, 9. Jan. 1875, App. I., ix. f House, No. 9. 1875, p. 28. % Ibid., p. 8. § Senate Doc. No. 170, p.5 (1877). 

I Tills was an additional sum voted by the Legislature to be paid to Shanly Brothers, in consideration of un. 
looked-for losses, incurred in carrying on the work. Shanly Brothers claimed to have made nothing on their con- 
tract, but, in fact, to have suffered a loss of some $226,000, owing to losses from floods, cost of additional arching 
required, etc. etc. (See Senate Doc. No. 150, p. 2. 1875.) 
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Carried over from last page J7 727 111 

Now, besides this amount there were paid, according to the Auditor's Eeport.* 

In 1869, to B. N. Farren, on contract $37,966 

Engineer's pay-roll, assistant's expenses, etc., from 1869, inclu- 
sive, to January 1st, 1877 320,627 

In 1874:,B. N. Farren, contract 5,883 

"1875, " « " 562,127 

"187tS " « " 604,456 

l,531,0fi& 

Giving a total of ^ $9,258,503 

It would therefore appear that, allowing a margin of about $750,000 to cover other 
general expenses incurred since the termination of the Shanly contract (salaries, jnaterials, etc. 
etc., in finishing up the work), we can still with tolerable safety assume $10,000,000 as the 
cost in full, without interest, of the tunnel proper. This estimate will leave a balance in round 
numbers of $4,000,000 expended on the railroad, and other collateral matters, etc. ; and as we 
saw (p. 327) that the cost of the road up to December 31st, 1868, had been about, say, 
$1,500,000, t the balance of $2,500,000 can be taken as the total expended in the completion 
of the railroads by the State from January 1st, 1869, to the end. (This estimate of the total 
cost of IToosac, prepared by the author from the State reports, has been submitted to and 
approved by Mr. Thomas Doane.) 

This finishes our history proper of Hoosac. 

By consulting Table 42, etc., and the profiles (Plates 3 and 4), detailed statements will be 
found as to rate of progress, geological formation, etc. etc. The subject of the rock-drills and 
compressors used will be found more fully noted in Chapter V. 

The following notes regarding the rock-drilling at Hoosac have been prepared especially 
for this work by Mr. Walter Shanly, since the completion of his contract. They are the fullest 
and in fact the only record ever published of the cost of rock-drilling at Hoosac during the Shanly 
contract, when, as we have seen, the main body of the timnel was driven. (The figures, it 
should be remembered, refer to heading work. They therefore are more costly, and cannot 
be fairly compared with estimates of total cost of heading and bottom work taken together in 
other tunnels.) 

Belative Cost and Kate of Progress of Hand and Machine Labor in HEADmas : from 

Notes of Work at Hoosac Tunnel. 

"Office of Walter Shanlt, Civil Enoikber J 
Homtreal, Canada, Jane 20, 1877. y 

" Henry S. Drinker, Esq., C.E., Philadelphia : 

" Dear Sir : I have pleasure in responding to your request that I would state what may 
be the difference in cost of rock-drilling, and also in time gained, as between mocAtn^-work 
and Aanrf-work, based on my experience in the Hoosac Tunnel. 

" I concur with you in thinking that in point of money economy there is nothing to be 

♦ April, 1877, Senate. 180. p. 10, etc. f Senate, No. 6, p. 10 (1869). 
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gained by applying machinery to the driving of short tunnels generally; but one cannot very well 
fix an arbitrary line at which ' short* shall end and ' long ' begin. I observe that you incline 
to place the dividing line at 2000 feet ; tunnels over that length to be classed as hmg and 
worked by machinery. Local conditions must largely govern in deciding on the use or non- 
use of power-drills. Favoring aspects of power^ such as the proximity, abundance, and easy 
applicability of a good head of water, might render it judicious to drive a tunnel of much less 
length than your limit of ' short ' by machine- rather than hammer-work.* Of course where 
time is the primary and coat a secondary consideration, mechanical appliances might have to be 
resorted to for almost any length of boring — 1000 feet, or less even — especially in cases where 
work would neces^rily have to be carried forward on two faces only. In the Iloosac Tunnel 
I used both water and steam^-i. ^., applied both kinds of power to the compressing of the 
atmosphere, which third power, manufactured outside the tunnel, was sent to the drills inside 
under a pressure of from 60 to 64 pounds on the square inch. The rock pierced in the four and 
three quarter miles through Hoosac Mountain differed materially in stnictural character on the 
opposite slopes. The easterly half was a imiform mica-schist largely permeated with, and at 
intervals intersected by, veins or seams of pure quartz. It was a fairly good rock to drill, but 
somewhat tough of breaking. The westerly half of the work was in ground of varying char 
acter — passing from hard granite to granitoid gneiss, with much feldspathic and quartzose 
formation of exceeding hardness. The whole uniform in the one condition only of being 
extremely wearing upon tools and requiring deep drilling and heavy doses of nitro-glycerine 
to bring it out. At tixe easterly end of the tunnel, from which ^ base ' the best of the rock 
was to be attacked, I had water-power for compressing the atmosphere. The western work- 
ings were wholly dependent upon steam, causing, as you will perceive from the figures I give 
you below, a very marked difference in the expens3 of manufactured power as compared with 
that obtained through the agency of water at the other end, and which, in conjunction witli 
the greater hardness of the rock, created a wide want of accord between the cost of drilling in 
the two divisions of the work. 

" In estimating the cost of machine-drilling, I have included mining labor, mechanical 
labor, blacksmith-work, materials consumed — such as iron, steel, oil, steam-coal, forge-coal, 
etc. etc., and also allowed for interest on and depreciation in value of ' plant.' 

* This reference of Mr. Sbanly's is to a letter from the author to Mr. Shanlf , in which the author expressed 
the opinion that, as a general rule, machine-drilling would not pay in short tunnels — ^that the gain in time would 
not pay for the outlay for plant. Of course, in such a matter, no arbitrary limit can be laid down ; as Mr. Shanly 
justly observes, local considerations will necessarily exercise a controlling influence ; but, except where especiaUy 
favorable circumstances occur, the author is willing to abide by the opinion that at the present rates of cost, and 
in the light of past experience, the use of machines in railroad-tunnels under 2000 feet in length will not be 
found to promote ultimate economy of work. This is largely owing to the fact that in every new railroad-tunnel 
of the present day, the contractors and their hands have all to learn anew the art of drilling with machinery. 
When in the future the use of machine-drills becomes familiar to the great class of tunnelmen, so that so much 
time and money in each new tunnel need not be expended in taking cosily lessons from new experience, then, 
probably, we sludl find it economical to apply drills even in the shortest tunnels. Now the question is not, Can 
Shanly, or Steele, or McFadden, or Sutro, drive short tunnels to good effect with power-drills ; but, Can the average 
contractor, who has never used them in former tunnels, do so ? In February, 1876, the author asked Mr. Sutro 
what length of tunnel, in his opinion, ought to limit the introduction of machinery? His reply was, "That 
depends upon the hardness of the rock. I would not think of introducing machinery under any circumstances in 
a tunnel less than 1500 feet, that is accessible from both ends, and probably in a tunnel of that length it would 
hardly pay to go to the expense of erecting the proper compressing machinery, drill-carriages, etc. etc. It may be 
stated as an engineering proposition that in rock of average hardness, it would not pay to introduce machine-drills 
in a tunnel of less than 2000 feet." 

(These observations, of course, apply chiefly to railroad-tunnels. In a mining region, where many successive 
short tunnels have to be driven, it may be found to pay well to use machinery on comparatively small pieces of 
work ; for here the machinery is in constant use, and not laid aside on the completion of a single tunnel.) 
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In the Easterly workings, the power-drilling cost per inch 4 cents (S^W) 

Apportioned — Mining labor and supervision ^^-^ 

Mechanical department ^^t^ 

Blacksmith-work O^iVV 

Materials consumed ^^^ 

Interest and depreciation 10^ ^^^Ar 

Hand-drilling in same ground cost ^tW c^^^^s. 



In the Westerly workings, the inch-cost of power-drilling was '^iWr 

Apportioned — ^Mining labor and supervision ^3^^ 

Mechanical department ^^i^ 

Blacksmith-work 00^«gf^ 

Materials, including steam-coal ^^-AAr 

Interest and depreciation, 5^ 00^^ 

And in the same place and ground, hammer-work would have cost 13 



<( 
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" These instances all refer to drilling in the ^ headings ' — strictly tunnel work — and the 
results are obtained by taking in each case the average of three average months. It is also to be 
noted that the work was carried on during a period (1869-1874) of high * inflation ' prices for 
every thing : Mining labor, $2.25 ; mechanical labor, $3 to $3.50 a day ; machinery, hedged in 
by patent-rights and royalties, cliarged at far above its just market value ; and coal, at the 
furnace-mouth, reaching to nearly ten dollars the ton. In respect of time saved through the 
use of machinery, the greatest advance I ever made in any one month in the mica-schist was 
167 feet ; and in the westerly slope, where, as was not unfrequently the case, the hard rocks 
broke well, I have advanced in 26 working days as much as 184 feet. In the mica schist 
there has been made in a month's work by hand-labor an advance of 40 feet ; while in the 
granitic and quartzose rocks it would have been hard by same process to reach 30 feet. 
Altogether, I incline to place the advantage in gain of time between machine-drilling and 
hand-drilling at from four to five to one in favor of the former. In coping with rocks such 
as those composing Hoosac Mountain, and driving large headings — 24 by 7 feet — as was done 
there, such rate of progress as you instance being made in the Sutro and St. Oothard Tunnels 
— 300 feet per month — ^is not to be effected by any means or appliances that I have yet seen 
or read of .*•'" 

BREAxmo OF Rock. 

'* In the schist we drilled, on an average, to every cubic yard of rock blown out, about 133 
inches ; in the granite and quartzose formations, from 100 to 140 inches, the average of 36 
months' working sliowing 130 inches per cubic yard. In the former (the schist), ordinary 
' cannon' powder was the explosive applied, about 5 pounds being needed to bring out a cubic 
yard of rock. For the other rocks, westward of the central shaft, Mowbray's tri-nitro-glyce- 
rine was none too powerful a motive agent — ^in charges of from 2J to 3i pounds per 
cubic yard : holes 2 inches in diameter, and from 8 to 13 feet in depth. In calculating the 
amount of drilling done and explosives used to each cubic yard of rock removed, I have taken 
into account the net quantities within the prescribed areas of work only ; but there was always 
more ground actually broken and removed than the prescribed measurements embraced 
— ^about one eighth more all round ; so that the true quantities of material affected by both 

* It sboiild be noted bere tbat tbe St. Gotbard beading is driven witb a muck smaller sectional area ; at 
Hoosac and Musconetcong tbe wbole enlarged top beading (or "calotte*' of tbe Earopeans) was driven at once by 
tbe centre-cat system of blastings witb no '* Galerie de Direction" (Ricbtstollen) wbatever. 
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drilling and blasting are greater, and the proportions of these last due to each cubic yard removed 
consequently so much less than my figures indicate. 

Easample of duty performed hy ?nachine {Burleigh) drills in the " headings'^ of Iloosac Tun- 
nel^ from the results of 10 " shiftSy'^ steady working^ time and measurements carefuUy 
ascertained^ in August^ 1873. 

" The drilling was in rock of medium hardness, a gneiss very near akin to actual granite : 
not nearly so severe on drills and steel as the quartzose rocks being penetrated at the same time 
on another face of the work, but many degrees liardei .than the micarschist prevailing in the 
easterly slope of the mountain. A ^ shift ' was 8 hours' work, thus apportioning the 24 hours 
into three days. About half of each shift, sometimes more, sometimes less, was occupied in 
drilling ; the remainder of the 8 hours being taken up in unlimbering and running back the 
drill-carriages, waiting on the blasting, and clearing away the rock blown out. The ten shifts 
here instanced were worked imder favoring conditions ; full pressure (60 pounds on the square 
inch) and no interruptions of any kind. In taking an average of several months^ working, no 
inconsiderable percentage of time lost and expense added must always, and necessarily, be 
embraced ; the bursting of an air-duct, the breaking of a drill, or any other untoward occur- 
rence, of course disorganizing the shift, and so swelling the per inch cost of the work in pro- 
portion to the lesser number of inches drilled. From out of those ten shifts, I quote apart the 
results of the maanmum, one in point of work performed. In this particular case, the head- 
ing was ' cleared for action,' the carriages run up to the face, and pressure on at exactly 6.30 
A.M. (August 17th), and at 9 a.m. — 2^ hours later — carriages were nm back, thfe gates closed, 
and the blaster sent in to do his part. The whole expense of serving the machine-drills, in- 
cluding, besides miners' and machinists' wages (one machinist), those of the foreman and the 
drill-carrier boys, was about* $45 each shift — i. e,f for .the service actually performed in the 
heading^ and exclusive of what was going on outside in the compressing of air, repairing 
machinery, etc. etc. 

Memobandum of Dbillino in Heading West from Centbal Shaft' on certain Days in 

August, 1873. 

10 shifts. 

Total time occupied in drilling (38 hours, 40 minutes) .^ 2320 minutes. 

Total number of holes drilled 120. 

Total number of inches drilled 16,948. 

Average depth of holes 11 feet, 8 inches. 

Average number of Rock-drills used each shift 6. 

Average number of inches drilled per minute ^-N^- 

Average number of inches drilled by each drill per minute ItA- 

In doing the above work, drill-points were changed 694 times. 

Average number inches drilled by each point 24 J nearly. 

In the best shift's work included in the above, the following was the work performed : 

Time occupied in drilling (2 hours, 30 minutes) 160 minutes. 

Number of holes drilled 12. 

Number of inches drilled 1728. 

Average depth of holes 12 feet. 

Average number of inches drilled per minute 11 J. 
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Kumber of Rock-drills used 6. 

Average number inches per minute each drill l-jVjf. 

Drill-points changed 61 times. 

Average number inches to each point 28 J. 

(The above holes were all full two inches in diameter.) 

" Hoping that you will be able to extract some value from the ' results ' here given, I am. 
dear sir, yours truly, W. Shanly. 



PART IV. 

THE SUTRO TUNNEL.^ 

Location and Histoky of the Tunnel. 

In Stoiy County, Nevada, at the foot of the steep eastern slope of the Sierra Nevada, 
from which it is separated by a deep depression, rises a great mountain chain, tlie Washoe 
Range. 

Some of its summits, as Mount Cedar, Mount Davidson, Mount Butler, etc., reach a height 
of over 7800 feet above sea-level. Along the foot of this range runs the Carson River, which 
empties into the lake of the same name. On the eastern slope of this mountain chain, and 
in the vicinity of Mount Davidson, a spur branches off to the east, which is the divide between 
Gold Cafion and Six-mile Cailon, both of which empty their water into Carson River. In 
Gold Canon, ggld was discovered as early as 1849 ; in Six-mile Cafion, a heavy black, metallic sub- 
stance was foimd in 1858 ; but there was no importance attached to it until the same substance 
was found in the following year in the excavations for a water-reservoir on the present claim of 
the Ophir Company. Here it was discovered in place as a vein, and on analysis was found to 
be ore containing silver glance and native gold. According to another version, silver ores 
were discovered in a quartz vein in Gold Cafion, near Silver City, as early as 1857. 

Henry Comstock, after whom the lode is named, was one of the iirst to locate a claim 
upon it, and he was soon joined by many others. The original holders of claims, being gen- 
erally men with small capital, are rarely the ones who ultimately reap lai^e profits from the 
mines. This has been strikingly illustrated in the case of Comstock, who, after being reduced 
to extreme poverty, is reported to have shot himself in 1870, in the vicinity of Bozeman, 
Montana. The history of the various mines located on the Comstock lode f iiniishes an apt 
illustration of the wasteful sygtem of mining pursued throughout our Western States and 
Territories, where the real object of systematic and careful mining has been lost sight of. It 
has not been the profit growing out of a continuous extraction and beneficiation of the min- 
erals that caused the opening of numerous veins of the precious metals, but rather a spirit of 
wild speculation based on temporary and transient profit. Speculation in claims and shares 
was active from the very discovery of the Comstock lode ; and local mining laws made by a 
mining community favored the extreme subdivision of mining claims. 

Mount Davidson consists, according to Von Richthofen, of syenite, containing orthociase, 

hornblende, a little mica, and sometimes epidote, but 710 quartz. This forms the foot-wall or 

west country-rock of the vein. Overlying the vein are what Von Richthofen has called pro- 

pylites or feldspar and hornblende porphyries. These porphyries, together with thick strata 

of breccia and some dykes of andesite, trachyte, etc., occupy a large portion of the eastern 

slope of the mountain. The general strike of the Comstock lode is north and south, and its 

* All the additional matter inserted in the levised description of Sutro Tunnel, and published in this second 
edition, has been kindly contributed by Mr. George J. Specht, Engineer Sutzo Tunnel 
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dip is 45® E. Both vary considerably in short distances, the vein being frequently split by 
large " horses" of the country rock occurring in it. The changes in dip are much more vari- 
ous than those in the strike, and occur oftener toward the hanging than near the foot- wall, 
and show everywhere that they are caused by the falling into the iissure of larger or smaller 
pieces of the hanging country rock. The foot-wall varies very little from the general dip, 
being inclined 38° to 40° near the surface, and 45° at greater depths. The width of the Com- 
stock lode has also undergone many changes on account of the *^ horses'' occurring in it. Near 
the croppings, it is reported in some places to be from 600 to 1000 feet thick, containing 
** horses" ranging up to 1000 feet in length by 50 to 100 in thickness, while at a depth of from 
400 to 600 feet it still shows a thickness of from 100 to 130 feet. At a still greater depth, 
where the vein is less broken and disturbed, its 'svidth becomes less and more uniform, but is 
still from 30 to 60 feet. 

The extraordinarily high mining expenses in this Comstock lode cannot surprise any one 
when we consider that there are over forty companies, each having its own superintendent and 
president, directors and secretaries ; and the large numbers of shafts, tunnels, levels, engines, 
pumps, etc., of each company. This want of a concerted national mining industry on the Com- 
stock from the commencement is to be deeply deplored. The natural way of exploring and open- 
ing the lode in depth, though it takes a tumiel of considerable length, should have been com- 
menced while the rich upper ore bodies w^ere being extracted, instead of having been left to a 
later period, when poorer ores have to be mined at a greater cost. Already before 1865, the 
time of the greatest production of the Comstock, the opinion became prevalent among those 
interested that it would be advantageous, and in a few years even imperatively necessary, for 
the continuance of mining, to tap the lode at greater depth by a tunnel. 

Under the present system of operating the mines, the ore and refuse rock are raised to 
the surface through the shafts by steam-power, the ore being transported to the mills by 
wagons or railroad, and the refuse rock deposited in dumps contiguous to the shafts. In 
operating the mines by the tunnel, transportjition beyond its mouth will not be necessary, as 
the establishment of mills for the reduction of ores at the. mouth of the tunnel is an impor- 
tant and indeed inseparable adjunct of the tunnel project. In order that the ore should b3 
separated cheaply and successfully, a sufficient water-power is necessary. Water to some ex- 
tent may be counted upon from the drainage through the tunnel, and this will probably supply 
a quantity sufficient for purposes other than motive power. Should more water be required, it 
must be brought from the Carson Kiver. 

This stream, wlxich liaa its sources in the Sierra Nevada Mountains, and is fed almost 
entirely from the melting snow, is not at all times to be depended upon for a supply of water. 
In carrying out fully that part of the project which requires the establishment of mills at the 
mouth of the tminel, it will, therefore, be necessary to secure by artificial aid an adequate sup- 
ply of water for running them at all seasons of the year. This it is believed may be accom- 
plished by the construction of a high dam across a narrow gorge of the Carson River, some 
five miles above the mouth of the timnel, which, by damming back its waters, shall f onn a lake 
or reservoir that will afford a supply during all seasons for operating all the mills required for 
the reduction of the ore which can be taken from the Comstock and from the other lodes 
which may be intersected by the tunnel. 

The loss of precious metals by the German and English methods is represented to be 
exceeding 6 per cent, while in Nevada it is not far from 35 per. cent in milling, with a saving 
of perhaps 10 per cent more in subsequent workings of the tailings and slimes, making less 
than 75 per cent in all. The actual loss in reduction, therefore, appears to be more than 25 
per cent, which, for a production of $15,000,000 per annum, entails a loss of the precious 
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metals exceeding five millions of dollars, or a loss beyond what would result from the methods 
referred to, by which 95 per cent is saved, of at least four millions of dollars annually. 

Under the present imperfect methods of mining and reduction which prevail in Nevada, 
ore milling less than $20, or assaying less than $30, cannot be mined with profit. Economy 
must, therefore, be sought for before the immense amount of low-grade ores can be profitably 
worked ; and this economy is to be found in a more rational method of mining and in im- 
proved methods of reducing the ore ; in the general application of water-power, and in the 
more general substitution of machinery for manual labor. 

In the spring of 1860, Mr. Adolpli Sutro conceived the plan of driving a deep tunnel to 
the Comstock lode. The undertaking, however, was of so gigantic a nature, and received so 
little encouragement, that active steps were not taken in the matter until the fall of 1864. 
On the 4th of February, 1865, the Legislature of Nevada granted a franchise which gave the 
right of way. The larger part of the mining companies then working upon the Comstock 
lode, representing 95 per cent of its value, agreed to pay a toll of $2 per ton on eveiy ton of 
pay-ore taken out after the tunnel should be completed and after it should benefit each respect- 
ive mine ; and contracts were entered into, upon certain conditions wliich it has been since 
claimed were not fulfilled, making this a lien upon the mines for all future time. After the 
contracts had been made, it was considered necessary, as a security to capitalists, that the United 
States Government should pass a law embodying the general features of the act of the Nevada 
Legislature, and also of these contracts ; for at that time the companies working the mines on 
the Comstock lode held them by possession only, the title or fee being in the United States. 
In consequence, an act was passed by Congress on July 25th, 1866, now commonly known as 
the " Sutro Timnel Act," wliich gave to Adolpli Sutro, his heirs and assigns, the following 
rights : 1. The right of way to run a tunnel seven miles in length to the Comstock lode, and 
a north and south drift on this vein and all others which should be found on the line of the 
tunnel ; also the right to sink the necessary shafts on the line of the tunnel. • 2. The right to 
purchase as much of the public land as should be necessary for the proper working of the 
tunnel at $1.25 per acre ; the extent of the purchase not- to exceed two sections (640 acres), 
which should not be salable as mining lands to other parties. 3. The right of acquiring at 
$5 per acre all veins which occur inside of a distance of 2000 feet from the tunnel on each 
side, excepting, however, all claims which at the time of the issue of this grant had been taken 
possession of by other parties, on the Comstock or any other vein. 4. To levy from all per- 
sons, companies, and corporations, who own a claim or a mine on the Comstock or any other 
vein opened by the tunnel, the royalty which has already been granted to the tunnel-owner 
by the principal mining companies on the Comstock, or which may be granted to him by other 
mine-owners in consideration of the drainage and other advantages accruing to the mines from 
the tunnels or drifts connected therewith : this last condition to be named hereafter in all the 
mining grants to which it may be applicable and which may be accorded by the United 
States. The mining companies or individual miners are not required to make any payments to 
the tunnel company as royalty or otherwise until the tunnel shall have been constructed and 
they begin to derive advantage therefrom ; for an article of the law reads : " No payment shall 
be due or made until the works of the party of the first part shall have either actually drained 
said mine, so as to obviate the necessity for all other modes of drainage, or which shall be 
deemed and considered sufficient drainage within the meaning of this agreement." 

What the future of the Sutro Tunnel Company may be is outlined by the following 
review of the production of the Comstock lode up to 1878 (these figures are supplied by 
Dr. R. W. Raymond, United States Commissioner of Mining Statistics, and from John 
A. Church's work, " The Comstock Lode," John Wiley & Sons, N. Y.) : 
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Yean. 
1860 



Product of the Comstock Lode. 

Coin Yalae. i Yean. 

...$1,000,000 1870 



1861 2,275,266 

1862 ; 6,247,047 

1863 12,486,238 

1864 15,795,586 

1865 15,184,877 

1866 14,167,071 

1867 13,738,618 

1868 8,499,769 

1869 7,528,607 



Coin Value. 

88,319,698 



1871 11,053,328 

1872 13,569,724 

1873 21,534,727 

1874 22,400,783 

1875 26,023,036 

1876 38,572,984 

1877 33,891,698 

1878 ; . 19!t)51,980 



Total gold and silver product for nineteen years $291,341,026 



The gold product was, according to Mr. J. D. Hague's computation, based upon calcula- 
tions of the varying proportion of gold in the Comstock bullion at different periods, about 
40 per cent, of the whole. 

We may therefore state the product of the Comstock lode, for the period named, to 
have been, in round numbers, say $300,000,000. 

Mr. Sutro's scheme was to make tlie tunnel proper a main artery as it were, from which 
branches, now building, will extend tl^roughout the entire mining district, which lias a width 
of some 8000 feet and a length of from 5 to 7 miles. Tliis it is proposed to cross-cut at 
intervals of from say 500 to 1000 feet, and again cross-cut parallel to the tunnel at distances 
of from 200 to 300 feet, thus finding all bodies of ore or bonanzas existing in the district. 
At the same time Mr. Sutro is confident that the tunnel company can give such cheap trans- 
portation and facilities for concentration at the mouth of the tunnel as will enable the full 
scheme to be carried out. 

The Sutro Tunnel Company is a joint-stock company, which has a capital stock of some 
$20,000,000, divided into two million shares, of $10 each; it was incorporated under the laws 
of California in 1869. Mr. Sutro himself acted as superintendent and general manager of the 
company, and he is a large stockholder in the concern. 

The tunnel commences at the town of Sutro, which is located in the Carson valley, 3J 
miles from Dayton, and 1^ miles from the Carson River. Its general course is W.N.W., 
with a rise of 3 inches in 100 feet. It reaches the lode at a distance of 19,899 feet from the 
mouth and 1970 feet below the croppings on the Savage claim (1922 feet below the shaft- 
mouth of that mine). Lateral tunnels have been driven along the lode both north and south 
from this point. The bill reported to the Forty-second Congress requircs that the main 
tunnel shall, throughout its entire length, have a cross-sectional area of at. least 140 square 
feet, including timbers and space for drainage, and shall, on or before its completion, be pro- 
vided with necessary timber supports, double railroad-tracks, and working-shafts. 
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Work was commenced on this important enterprise on October 19, 1869, at which time 
but 15 men were employed, and they only on day " shifts." Operations were conducted on 
this limited scale up to December 1st, 1871, at which date the heading, the only point where 
work was prosecuted, had been driven a distance of 2601 feet. Under the impetus given by 
the consummation of successful financial negotiations, the force was increased during the 
month of December, 1871, to 232 men. When operations were commenced on this enlarged 
scale, the force was divided into three shifts of 8 hours each, and the work was prosecuted day 
and night steadily. On the 8th of April, when the tunnel w^ yet 700 feet from the connect- 
ing point with the Savage mine blasts, the falling of rock could be distinctly heard in the 
header, and on the 8th of July, 1878 connection was made with a drift from the Savage mine 
at a total distance of 20,018 feet, a strong draft setting in at once. The hanging wall of the 
Comstock lode was intersected at 19,987 feet at the south side, and 20,000 feet at the north 
of the tunnel. 

On September 1st, 1878, at a total distance of 20,489 feet the work was discontinued, 
and on the following day the South Lateral Tunnel was commenced at a point 19,716 feet 
from the tunnel portal. At the same date work was begun on the subdi*aiu intended to carry 
off the hot water from the mines. 

On the 18th of October, 1878, a drift from the combination shaft connected with the 
tunnel at a point 18,680'. The Julia shaft connected with the South Lateral on February 
15th, 1879. On the following morning the continuation of the South Lateral toward the 
Yellow Jack shaft was commenced at a point 70' north of the Julia connection, but on February 
17th, 1879, the entire works were stopped pending negotiations with the Comstock mipes. 

The work on the subdrain was started up again on May 1st, 1879, with a force of 1000 
men, and on June 30th, 1879, the pumps were started at the Savage, Hale and Norcross and 
Combination Shaft. In one hour and twenty minutes the hot water reached the mouth of 
the timnel, showing a temperature at first of 101°, which gradually increased to 118°. At 
19,200 feet a station for the North Lateral branch was commenced on July 1st, 1879, the 
cross section of both laterals being 90 square feet each. 

Work was vigorously pushed so that the Mint Shaft secured a connection with the 
tunnel on the 14th of October, 1879, and the Bonner and Orbiston, the C. & C, and the Ophir 
Shatl workings on the Comstock Lode were reached respectively on the 8th of January, the 
28th of April, and the 25th of August, 1880. At the present time (1881) the South literal 
Tunnel is the only one being worked, the North Lateral having been stopped on the 4th of 
October, 1880, in accordance with an agreement made with the mines interested. 

During the process of construction of the main tunnel four shafts were located along the 
line, and hoisting-engines and pumps purchased for each. The following table gives th^ir 
location and depth to grade : 





TABLE 35. 






Number of Shaft 


Distance 

from Mouth of 

Tunnel. 


Depth to Grade. 


Shaft No. 1 Tf^AchcMl bott/>iii 




4,915 

0,005 

13,545 

17,695 


538 


C( Q <l l( 


1,041 


** 8 ab&ndoned when 456 feet down 


1,361 


" A. «* *« ftTi. <« «• .... 


1,485 







There was also an air shaft 5 by 4 feet in the clear, located 2250 feet from the mouth of 
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the tunnel. It was constructed and used for the purpose of supplying fresh air to the work- 
men, and for hoisting out rock and debris while the heading between the mouth and Shaft 
No. 1 was being driven. 

The pumps used in the shafts were double-acting cataract steam-pumps, manufactured by 
Messrs. Allison & Bannan, of Pottsville, Pa. Steam cylinders 20" by 72", and 10" discharge- 
pipes, weighing 20,000 lbs. each, and capable of lifting the water from station to station 300 
feet apart. Steam-pumps of this capacity had not previously been introduced on the Pacific 
coast, though they had been in use quite extensively in the coal regions of Pennsylvania, 
They proved greatly preferable to the old style of Cornish pumps, as being simpler in con- 
struction, cheaper to work, more durable, and less liable to get out of order. In April, 1872, 
the superintendent of machinery reported that over 3,000,000 gallons of water had been 
pumped from No. 1 shaft during the month, Great quantities of water were in fact met in 
all these shafts, and Nos. 3 and 4 ultimately had to be abandoned on account of the great 
Influx of water, which could not be overcome. 

After the tunnel passed the foot of Shaft No. 2, it was found that a strong draught set 
in from the mouth and passed up the shaft. Beyond the shaft, artificial ventilation has been 
found necessary, two No. 4 Koot's blowers being used, with 11-inch galvanized iron tubing. 

Some of the ground met in driving the tunnel was found to be very heavy. In one place, 
the pressure was so great as to break timbers 12 by 14 inches, crushing the posts into tlie caps, 
and often snapping the posts. In this ground, the size of the timber was increased to 14. by 
16 inclics, and instead of placing the bents 5 feet apart from centre to centre as usual, they 
were here put close against each other. Some of the falls in the very bad material extended 
as high as 18 feet above the timbers. At these points the cavities had all to be blocked up. 

Work in the South Lateral of the Sutro Tunnel now (1881) progressing represents one 
of the most difiicult problems of tunneling, as the ground for almost its entire length swells 
in a very serious manner. Timbers of 11^' by 16'' have been crushed after they were in but 
two days; they require constant easing up, which is considered the only.eflBcient means of 
keeping the tunnel open, and which is continued until the swelling ceases. Much of the 
ground passed through consisted of hard and very hard porphyry and andesite bowlders 
imbedded in clay, the character being such as to offer two great obstructions to progress ; 
luird drilling and very heavy timbering, requiring false sets and lagging ahead. Another 
disadvantage in the work at the South Lateral was the difficulty of procuring sufficient ven- 
tilation, both water and rock showing a high temperature. 

The timber used is sawed pine, and in bad ground the centre-piece of a tree is always 
selected. Timber costs, on an average, $30 per M. delivered at the mouth of the tunnel. 
Wood is used for fuel, costing $6.50 per cord delivered. 

When timbered, the tunnel, as far as completed, is 12 by 16 feet outside of the timbers, 
which are 10 by 12 inches, except the inside posts, which are 10 inches square. This is 
divided into two compartments, each 5^ feet wide at the bottom, 4^ at the top, and 10 feet 
high, with a passageway between and a drain underneath. The top and sides are covered 
with lagging of two-inch plank. Like the mines of the Comstock lode, ventilation proved 
a difficult problem, and Mr. Specht adds to the testimony given by Prof. John A. Church 
the following practical observations of recent date : 

The lateral branches or headings are ventilated by 2 Root blowers. No. 4, and 1 Baker 
blower. No. 5, which are situated in a drift connecting the tunnel with the Mint Shaft. This 
is a downcast, and furnishes a large amount of fresh air of from 47** to 60° (winter or sum- 
mer). The station is 1,361' below the surface. The air is conveyed from the blowers to the 
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working places by pipes of galvanized iron of 11" diameter, which are gradually replaced by 
15" pipes. The respective distances from the blower station to the headings are 3>735' 
(North Lateral, October 1, 1880), and 4,900' (South Lateral, December 22, 1880). • 

The air, when entering the blower pipe, has a temperature of 60® (September 30), and 
when issued at the face 104°. 

This shows that the air takes up a great deal of heat on its way, which is partly due to 
the friction in tlie pipes, partly to the influence of the air surrounding the pipes. The tem- 
perature in the header is mostly a few degrees lower than or about the same as the tempera- 
ture of the air from the blower pipe. Therefore, the blower pipe supplies hot air, which 
benefits not by its temperature, but by its purity and freedom of carbonic acid, while the air 
in the face is not any longer fit to be inhaled. The air from the blower pipe feels to the men 
much cooler than the air in the face, and is eagerly sought for, but it does not cool the air 
directly. The effect of the cold produced by the blower air has several reasons. 

The vitiated air must be substituted by a sufficient supply of fresh, dry air, which is 
capable to quickly remove or vaporize the perspiration from the body of the men. If this is 
retarded there is a sense of suffocation, and this may take place either with deficient ventila- 
tion, or even in a fair current of air. The air supplied should have a high capacity of absorb- 
ing moisture. 

The air forced by the blower into the pipe is compressed to a certain degree, and when 
issuing from the pipe it expands, and thereby creates cold ; the temperature one foot in- 
side of the pipe was 100° (December 22), and two feet in front of the pipe it was 98°. 
The air-current leaves the pipe with comparatively great velocity (1200-1700' per minute, 
furnishing from 1100 to 1600 cubic feet per minute), and is almost dry; meeting the wet 
bodies of men and animals, it eagerly absorbs the humidity, which evaporates, and thereby 
dries and cools the skin. 

The air streaming from the blower pipe forms a cone ; a person standing within this 
cone feels refreshed and cooled, but standing only one inch outside of it, ho does not derive 
any benefit of it. The benefit of this fresh air-current is limited only to the face and a 
short distance below it. The longest part of the drift is not directly or not at all benefited 
by it. 

It may not be out of place to quote Prof. John A. Church, who says, on page 20 of 
his report on the Oomstock Lode : " This (the' requirement of dry air) was constantly 
proved by leaving thermometers with the men, who would not, without experimental proof, 
believe that the places which they sought for cooling off were sometimes hotter than those 
where they worked, and frequently had precisely the same temperature. It is true that 
an increase of a few degrees in the temperature of a drift will sometimes bring with it an 
exhaustion which is out of proportion to the heat change alone. This is explainable on 
the supposition that the increased heat is due to an unusual access of gas, and such places 
frequently become more comfortable after a few days.*' 

The great desideratum of artificial ventilation is dry air. The two Koot blowei*s are run 
by a compressed air engine, connected with the latter by belts ; the Baker blower is run by 
an Armstrong water-engine with oscillating cylindei-s. The Root blowei-s make usually 110- 
120 revolutions per minute, and the Baker blower 55-60. 

The Main Tunnel is ventilated by natural draft entering at the mouth and escaping 
through the Savage Shaft. Until lately shaft No. 2 was used, and, being ail upcast, created 
a strong draft from the tunnel mouth to there, but the part of the tunnel above No. 2 derived 
very little profit thereby. At that time from 36,000 to 40,000 cubic feet of fresh air per 
minute entered the tunnel through its mouth and Shaft No. 1 ; Shaft No. 2 took 20,000- 
25,000 cubic feet thereof, permitting only 14-15,000 cubic feet of fresh air to flow along the 
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upper portion of the tnDne/. Since No. 2 is abandoned the station at 'the bottom of it ia 
tightly closed off, and now there are only 27,000 cubic feet entering the tunnel, but the 
whole anaount of fresh air traverses the entire length of the tunnel, thereby lowering the 
temperature above No. 2 one or two degrees. This corroborates the statement of Mr. J. N. 
Rastrick (see p. 1039 of the author's work on "Tunneling"), that shafts in a long tunnel 
having openings at each end are rather an impediment than a benefit to the ventilation. The 
Sutro Tunnel presents, as far as the Main Tunnel is concerned, a perfect parallel case to a long 
tunnel of a narrow-gauge railroad, and therefore fits exactly to the above quotation. 

Since lately the compressed air is not made any more at Shaft No. 2, but at the Bonner 
Shaft of the Gould & Curry Mine by a large Hand compressor. The pressure ranges from 
70 to 90 lbs. per square inch, and the compressor works to full satisfaction. 

Introduction of Machine Drills. 

In September, 1872, the first attempt at machine-drilling was made. Several diamond 
drills arrived from the East, and one was put in operation, giving the following results : 542 
feet of holes were drilled in thirty days, including the time occupied in moving the machine 
and the large girder it rested on. This drilling was done in a side-hill embankment at the 
tunnel-entrance. The nature of the ground varied considerably, consisting chiefly of con- 
glomerate, cement-gravel, and trachyte, and it was found far more difficult to drill than if it 
bad all been hard rock, in consequence of the drill being subjected to uneven strain by one 
side of it coming in contact with, perhaps, a piece of agate, while the other side would be 
conglomerate. But the chief disadvantage in drilling in this comparatively loose and seamy 
earth was, that the holes became so uneven by pieces of rock, etc., falling around the sides of 
the drill and making the holes irregular in shape, causing the bits to catch when they were 
withdrawn. The bits used were of brass, 1|" diameter, and containing 20 diamonds each. 
The deepest hole drilled was 22j^ feet, and the average depth of the holes 10 feet. Subse- 
quently the Burleigh drill was introduced in 1874. These drills were at first supplied with air 
by a compressor located at Shaft No. 1, constructed by the Societe John Cockerill, of Seraing, 
Belgium. After Shaft No. 2 had been passed, the compressor at Shaft No. 1 was exchanged 
for a new one started at Shaft No. 2. This latter one was built by the Humboldt Company, 
of Kalk, near Deutz, one the Rhine. Bolh of these compressors, Mr. Sutro reports, have 
given great satisfaction. (For cuts and descriptions of them, see Chapter V., p. 155, etc.) 
There has also been a small auxiliary Burleigh compressor in occasional use. 

When machine-drills were first introduced into the tunnel in 1874, the Burleigh drill was 
adopted. From the experience at Hoosac and Mont Cenis, Mr. Sutro supposed that perhaps 
a proportion of some five drills would be needed for every one in operation ; but practical 
experience has shown here, that for the six drills in use, four, or six at most, additional ones 
would keep the heading going without any interruption, provided there be a machine-shop 
and proper mechanics employed to keep the machines in repair. This accords with the expe- 
rience at Musconetcong Tunnel, where an average of 26 drills was found suflScient to keep 
some 16 to 18 going. English steel was at first used at Sutro, but subsequently Pittsburg 
Black Diamond steel was substituted, and found to be fully equal to the English. The 
heading was driven 8 feet by 10 feet wide, and this cross-section was ultimately enlarged to 
10 by 12 feet in the clear. The centre-cut and squaring-up system of blasting (described 
under Musconetcong) was used. The cut generally had a depth of from 7 to 8 feet and a 
face of from 4 to 5 feet. The rate of advance, as will be seen by consulting the progress 
table, p. 375, has been vastly accelerated by the introduction of machine-drilling and high 
explosives. (Dynamite was introduced into the tunnel about 1870.) 
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Prices op Labob. 

All work on the tunnel has been done by day labor, with* the exception of some small 
contracts in the very first stages of the work. The rates of pay have been as follows (8-hour 
^hifts) : 

Foremen per day $8 00 

Sliif t bosses 6 00 

Drill-men and blasters 5 00 

Laborers, car-men, and all othei's employed under ground ... 4 00 
Outside laborers : '. 3 ' 00 



/ 



In addition to the above rates, the following premium was oifered in May and June, 
1875: 

For every foot of lineal progress over 300 feet per month, and under 400. .$5 00 per foot. 
For every foot of lineal progress over 400 feet per month, and under 500. .10 00 " 
Anything over 500 20 00 " 

This was divided equally among all the men employed under ground. 

In the heading, there were two men to each one of the six machines, or one drill-man 
and one miner assisting, making a total of 36 men per day of three sln'fts. These 12 men to 
a shift did all the work of shoveling and clearing in the heading, in addition to the drilling. 

Mr. Specht has furnished the following recent data on the cost of drifting : 



Cost of Drifiino. 

One lineal foot of South Lateral cost : 

1. Average of 14 weeks from September, 1878, to February, 1879, 4 six-hour shifts ; 
only the direct cost of advancing the heading, not including timbers, track, general manage- 
ment, and other outside expenses : 

One lineal foot required — 



Shift boss 0.40 @ $6 00 =$2 40 

Miners 3.58 @ 4 00 == 14 32 | 

Blasters... 0.40 @ .5 00 = 2 00 S 

Car-men 0.95 @ 4 50 = 4 27 ^^-i 

Track-layers 0.43 @ 4 00 = 172 ^^ 

Lbs.ofpowder 9.30 .@.035. = 3 25 g^ fe 

No. of electric exploders 3.05 . .@ 075 = 23 S. |« 

Drills sharpened .6.70 @ 20 = 1 34 g^ o 

Cans of castor oil 0.0573® 6 50 = 87 ;S "^ 

" 'Mard, " 0.129.® 4 00 = 52 §.2 

" "coal " 0.0204.® 2 13 = 43 r^ | 

Boxes of candles 0.0798® 6 00 = 48 | 

2 
O 



$31 38 
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The cost of compressed air per one foot tunnel during the same period was : 



0.110 boss engineer, 
0.225 engineer, 
0.332 firemen, 
0.178 laborers, 



0.11 station tender, 
0.11 car-men, 
1.68 cords of wood. 



Amounting to $17 20 per foot. South 
Lateral only running. 



2. Average of 3 weeks, October, 1880 — 3 eight-hour shifts : 

0.296 bosses $1,776 

3.113 miners . • . . : 12.452 

0.292 blasters 1.460 

0.398 car-men 1.790 

0.0985 track-layer 0.394 

0.1971 engineers (ventilation) 0.985 

6.952 powder 2.433 

2.967 exploders .• 0.223 

3.541 drills (at 24 cents) 0.860 

Oil and candles same as above 1.800 



$24,173 



Cost of compressed air during same period per one foot tunnel : 

0.0985 boss engineer $0,591 

0.1971 engineers 0.986 

0.2957 firemen 1.183 

0.0985 laborers 0.345 

0.0985 station tender 0.394 

0.0985 car-men 0.394 

1.149 cords of wood 10.341 



$14,234 



a 
o 

2 

o 

C/2 






3. Cost of one foot South Lateral during the week from May 22d to May 3l8t, 1880, 
when a progress of 148 feet was made (the largest progress of one week ever made in the 
Sutro Tunnel). 

0.203 shift boss ' $1,218 

2.02 miners 0.080 

0.203 blasters 1.015 

0.370 car-men. 1.665 

0.067 track-layer 0.268 

0.067 engineers (ventilation) 0.335 

7.760 lbs. of powder 2.716 

2.81 exploders 0.211 

2.715 drills (at 22 cents) 0.597 

Oil and candles same as above 1.800 



$17,905 
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The cost of compressed air during that period, when both headers were ronning, 
amounted to $7,635 (average of 25 weeks). 



Drilling and Blastino at Sutko, 

With regard to the details of the machine-work at Sutro in good rock, Mr. Sutro gives* 
the average number of inches of drilling per cubic yard of rock broken as 97. Explosive 
used exclusively is giant and hercules powder, No. 1 and No. 2, and vulcan powder, No. 2. 

The " attacks," or drilling heats, vary, of course, with the character of the rock, the 
maximum being 2 drilling heats in 4 shifts, of 8 hours each. 

Six drills were used in the face until March 1st, 1877, and now (1881) the company has 
sixteen 5-inch and four 3J-inch drills, sufficient to keep 10 to 12 machines steadily at work. 
Ingersoll drills have done the work. The wages have continued throughout the work at the 
rate given above. Mr. Sntro gives his general estimate of hand and machine labor as fol- 
lows: "My general opinion is, that in a large heading, say like the one we are driving (8 by 
10 feet), the cost of machine labor is 33 per cent less than what it would be by hand labor, 
and the progress triple. In a small heading, say 5 feet wide and 6 feet high, I should consider 
the cost by machine labor about equal,, if not larger than by hand labor, and the progress by 
the former hardly double that of the latter. The reason why a large heading can be driven 
cheaper and faster is, that we can drill 8 and 10-foot holes for the cut ; while in the smaller 
tunnel it is difficult to drill them over 4 or 5 feet, since there is not sufficient room to place 
the machines at the proper angle for drilling the deep boles which are intended for blasting 
out the cut." (Bj' consulting the description of the St. Gothard Tunnel [p. 359], and the 
tables [p. 882], it will be seen that their holes abroad do not average in the heading one metre 
in depth, and they are purposely set normal to the face, the face of the heading being literally 
"sieved " with holes, and charged with dynamite.) 

Recent experience at the Sutro Tunnel with machine drills is summed up by Mr. Geo. 
J. Specht, C.E., as follows : The parts mostly exposed to breakage and the quickest worn 
out are the riffle-bar, tappets, pawls and cylinder-heads. Unfortunately, no record has 
been kept of the number of machines repaired and the cost of repair until recently. It 
is estimated, however, that the cost of labor for repairs does not exceed $200.00 per month, 
that is, when about 8 machines are running. The 3J" machines are of the latest so-called 
" Eclipse " pattern, without tappets. The experience with the latter at the Sutro Tunnel 
is that the valve easily gets stuck and cannot be made to work again by the common miner ; 
the tappets are preferi'ed if the machine is in the hands of a non-mechanic. The following is 
a statement of how many feet of holes (2^") were drilled in one hour in diflEerent kinds of 
rock and by the different machines. These data are obtained from actual work, and not 
from trials : 

» Letter to author dated July 28, 1877. 
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Six Burleigh drills made in 1 hour: 

Average 

Maximum 

Minimum 

Ilbur Ingeisoll drills made in 1 hour 

Average 

Maximum 

Minimum 



In very hard Ande- 
site and Porphyry. 


22.96' ] 


2>J! 


86.00' 


it of 
rvationi 


12.70' J 


oS 


17.47' ' 

26.20' 

10.5' 


Out of tt ob- 
servations. 



In hard Andeslteand 
Porphyry. 



82.10' 1 ^ . 
69.50' \ S| 
17.50' J I a 



21.50' "^ 
32.7' log 
14.00' J ^ 2 



oS 
o« 



In mediam Por- 
phyry. 



86.59' '\ ^ g- 
66.60' I ?| 

a V 



20.00' 

89.73' 
74.80' 
1400' 



o s 



In soft Vein Por- 
phyry, vein matter 



41.55- 1^ 
120.00' ^^1 
22.50' Is 



63.90' 
85.30' 
27.00' 



•§ 



o 






p 
o 



This time includes all delays during the drilling. 

The four drills are fixed upon one large, heavy drill-carriage. 

The following tables, prepared by Mr. Geo. J. Specht, C.E., Sutro Tunnel Co., give the 
details of the most recent work in the North Lateral Tunnel, work on which was stopped on 
the 4th of October, 1880. ISo details of the work on the South Lateral are given, as the 
nature of the ground makes it exceptional. (See also Tables, pp. 376 and 377.) 



Table op Weekly Pbogbess op the North Latebal Sutro Tunnel. 
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August 8. 


7 


63 


177 


126 


4.7 


5S8 


222 


125 

• 


245 


176 


Porphyry, hard. 

Anae^ite, very hard, took 


7.58 


25.3 


11.29 


4.19 2.30 


3.83 


3.381.25 


0.71 


0.99 


August 15 


7 


48 


160 


134 


7 


838 


454 


ISO 


219 502 


18-22 honrs to drill a roand 


6,86 


22.9 


9.53 9.33,2.0011.70 
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0.87 


8.SS 
























of holes. 












































W Andesite, SO' Vein Por- 






















Angnst 22 


6 


61 


208 


175 


7.6 


1340 


479 


184 


263 


885 


phyry, good. 


10.3(» ;3.9 


22.00 


7.SS3.Q2 


0.81 


6.51 2.86 


0.91 


1.89 


Sept. 1 . . . 


10 
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850 


fSS& 


8.7 


2246 


938 


279 


509 


468 


Porohyry, with Qnartz and 
Clay, good. 


10.5 


85 


21.40 


8.84 2.66 


4.46 


6.42 2.66 


0.80 


1.34 


Sept. 8.. 


7 


06 
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8.8 


1296 
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Porphyry, hard. 


9.43 


31.4 
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6.03 2.21 
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0.65 
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7 


47 
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8 
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Oct.1.... 


9 


40 


133 


106 


7.7 


800 


345 


112 


238 


610 


16' Vein Porphyry, 
' 24' Andesite, hard. 


4.45 


14.820.00 

1 


8.64 2.80 


15.26 


6.01 


2 59 


0.84 


4.59 


Oct. 8.... 


7 


58 
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7.3 


1206 
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260 


634 


37' Andesite, 
1 21' Porphyry, very hard. 
Porphyry, very hard. 


8.29 


27.720.82 

1 


8.85 3.05 


9.as 


6.82 


2.49 
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For further information on the Sutro Tunnel, see Richthofen's " Metall-Prodnction Oali- 
fomiens,*^ in Petermann's " Geographischen Mittheilungen," Supp. No. 14, 1864. Also, 
Richthofen's " The Comstock Lode, its Character, etc.," San Francisco, 1866 ; and an extract 
from it by Von Cotta in the " Berg und Hiittenmannische Zeitung," 1867, p. 413. 

Also, see "Reports upon the Mineral Resources of the United States," by J. Ross Browne 
and James W. Taylor, 1867, and " Report of J. Ross Browne on the Mineral Resources of the 
United States and Territories West of the Rocky Mountains," 1868. 

Also, R. W. Raymond's Reports from 1869 to 1876, inclusive, on " Mineral Resources 
West of the Rocky Mountains." 

Also, " The Sutro Tunnel," by Adolph Sutro, Baltimore, John Murphy & Sons, 1868 ; 
and the various reports and hearings on the Sutro Tunnel before the Coogressional Commit- 
tees, 1872. 

Also, "The Comstock Lode, its Formation and its History," by John A. Church, New 
York ; John Wiley & Sons, 1879. 



The SuTfio Tunnel and the Rothsohonberoer Stollen contrastbd* 

The following summary* of progress at the Rothschonbeiger Stollen, in Saxony, will give 
some idea of the importance attached to the construction of deep mining adit« abroad. This 
tunnel was commenced in 1844, and fonnally opened April 12th, 1877 ; all but the last few 
hundred metres were driven by hand labor. The later returns of machine-work have not 
been received ; but it is urfderstood that the best average attained was 85 metres per month, 
or 279 feet. 

The whole length of the adit, as finally run, was 13,901 metres, starting from the Trie- 
bisch Valley at Rothschonberg, above Meissen, on the Elbe. The distance to Halsbnicke on 
the original location was 12,882 metres (42,266 feet), and the depth reached below the Anna 
Stollei^ the deepest previously existing, 94 metres (308 feet). At the time of the final con- 
nection with Himmelfahrt, the tunnel and its branches together comprised a continuous com- 
pleted length of nearly 29,000 metres (95,149 feet). Additional branches are also projected, 
which will eventually make a complete length for the adit and branches of some 50,900 
metres (166,003 feet), or 31 • 6 English miles. This will be the longest adit in the world. The 
total cost up to 1874 was over ^000,000 thalers, or, say, $1,500,000 gold, which would .be 
something over $51 per running metre. Now, assuming this sum to have been expended in 
equal annual installments of 60,000 thalers through 33 years, and calculating compound 

interest at 4 per cent annually, we have, as the total cost, M = ; a being the 

annual payment, r the rate of interest, and n the number of yeara. Putting a = 60,000 
thalers, r? = 33, and r =.04, m becomes in round numbers 3,972,600 thalers, or, say, $3,000,- 
000, thus tending to show that the cost of the adit has been doubled by the delay. Now, it has 
been seen that the depth of this adit where it reached the workings was only some 94 metres 
(308 feet) below the Anna adit. Connections with other mines at the highest have given a 
drainage of only 152 metres (499 feet). The object of this adit is exactly similar to that of 
the Sutro Tunnel, five miles long, and which meets the workings nearly 610 metres (2000 feet) - 
below the surface. If the economical Germans are .willing to spend so much money and time 

* Extract from a " Paper on the RotliscliftDberger Stollen," by R. W. Raymond, read before the American In 
fititute of Minlnp: Engineers, May, 1877. Vol. VI., TransactiooB of the Institate. Also see " Engineering and 
Mining Joarnal," New York, vol. xxiv., pp. 808 and 880, October 27 and November 8, 1877. 
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in making an adit 30 miles long, for the sake of gaining 300 to 500 feet in depth of drainage, 
it is evident that the age of deep tunnels is not over ; and the critics who have expressed 
doubts of the usefulness of the Sutro Tunnel may find reason to revise their views. 

An inspection of the progress tables of the Rothschonberg and of the Sutro tunnels will 
show the striking contrast attained in progress between the one driven under the old Saxon 
system of hand labor and black powder, and the modern type of machine-drills with 
dynamite. 

Other German adits have been driven in the Harz : among them, 

The 13 Lachter StoUen, commenced a.d 1525 

" Frankenschamer " " 1548 

" 19 Lachter Stollen « " 1551 

" Raben Stollen " " 1573 

But the famous ones in the Harz have been the Deep George and the Ernst August 
adits. 

The foiTiier was driven in 1777 to 1799 ; the main tunnel was some 10,524 metres 
(34,529 feet) long, and the total length of the main tunnel with all the branches was some 
18,240 metres (59,845 feet). It was driven through gray wacke and argillaceous slates belonging 
to the subcarboniferous strata, the so-called '^ Kulm." It added a total depth of drainage of 
about 140 metres. 

The Ernst August Tunnel * was driven below the Deep George in 1851-1864. The 
main tunnel is some 10,429 metres (34,218 feet) long, but the entire length of the adit is some 
22,692 metres (74,452 feet) ; the rock is similar to that in the Q^oig Stollen. The tunnel was 
driven 3^^ metres high by 1^^ metres wide, on a grade of -^^ per mille. The total cost 
was some 570,000 thalei's. This is one of the most famous German adits ever built. The 
engineer in charge was Mr. E. Borchers, of Clausthal. 

Now, this tunnel, over 30,000 feet long, was driven to afford drainage for a total depth 
at the mines of about 50 (Oberharz) lachters, or, say, 315 feet.t As a feat of rapid work in 
its construction, the following is quoted in the pamphlet before cited, p. 29 (" Der Ernst- 
August-Stollen am Harze," Clausthal, 1864) : 

" With average rock the rate of advance in 7-hour shifts was 3 • 84 metres per week, or 
192 metres per year. By cutting the time of work down to 4-hour shifts, 5 '76 metres were 
excavated per week, or 288 metres per year ; and during the last three weeks, by taxing the 
workmen very much, a rate of 7-68 metres per month was attained, equal to 384 metres per 
year with the best miners." (Black powder and hand-drilling of course.) 

These examples of German adits have only been cited to show us by contrast what our 
American Sutro Tunnel is. The fuller tables at the end of this chapter will more plainly 
illustrate the question. 

* See " Der Ernst-Augast-Stollezi am Harze," Claostbal, 1864. 
1 1 Oberkaner Lachter = 1-9198 metre. 

•^ = 6*298673 English feet. 
" " = 8 Spann (Aclitel Lachter) of 10 inches. 

« = 001753 Prosaian Lachtera. 

« s 6 116869 Rhine feet. 

(E. Borchers.) 
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PART V. 

THE MONT CENIS TUNNEL. 

The Mont Cenis Tunnel pierces the northern wing of the Cottic Alps, between the 
Tabor on the sonth-west and Mont Cenis on the north-east, and passes through and under 
the Col de Fr^jus. As the tunnel is situated about 15 miles (24 kilometres) to the south-west 
of Mont Cenis, it has been said that it should more properly bear the name of Fr6ju8. 

HiSTOKY. 

We have seen (p. 316) that the project of tunneling the Hoosac Mountain in America 
was broached in 1826, and that Laommi Baldwin, a distinguished civil engineer in those days, 
made a report in favor of tunneling the mountain when locating the proposed canal from 
Boston to the Hudson ; we have further seen that the project was finally perfected after rail- 
roads had come into use, the tunnel being commenced in 1854 and completed in 1876. 

The Mont Cenis Tunnel was first proposed not by a scientist, nor by an engineer, but by 
a humble Piedmontese peasant, dwelling in the village of Bardonnfeche, Giuseppe Medail by 
name. In 1838, he submitted to King Carlo Alberto a plan for piercing the mountain 
between Modane and Bardonnfeche. Medail had found that the bed of the Arc and of the 
Bardonneche brook lie in the same level, and that the Frejus Mountain was the narrowest 
part of the western chain of the Alps. Some years later (1841), Medail also submitted his 
plan to the Chamber of Commerce of Chamber}^, but without success. 

In 1845, the Piedmontese government detailed Mauss, a Belgian engineer (distinguished 
from having constructed a set of successful inclined planes near Liege), and Sismonda, an 
Italian geologist, to examine the plan. Although they, and engineers generally, acknowledged 
the importance of the project, its magnitude caused them to pause in a decision : to pierce a 
mountain 89,372 feet (12,000 metres) long, and located at some points some 3937 feet (1200 
metres) below the surface, was a departure indeed from the tunneling of former days. Mauss 
invented a cutting machine to use in piercing the tunnel, but this machine we have seen, in 
Chapter V., p. 190, was finally discarded in 1850. The great trouble was to provide for ven- 
tilation, and this was finally met by the physicist Colladon, of Geneva, who in 1852 proposed 
to apply compressed air as a motor, and to use the mountain streams as a source of power 
in compressing it. Bartlett, in 1854 (as we have also seen in Chapter V., p. 210), invented 
a drill for the tunnel, which proved a great step in advance of Mauss's cutter, it being a true 
percussion drill ; it, however, was to be driven by steam, and shared the fate of Haupt's 
somewhat similar project in America. (Haupt also proposed using steam with his early drill.) 

Finally, Sdmmeiller invented a drill that was partly original, and partly perhaps an im- 
provement on Bartlett's idea. With it compressed air was to be used, and it ultimately proved 
to be the key which unlocked the stone portals of Mont Cenis. This air-compressing idea 
was worked up by the Italian engineers, Grandis, Grattoni, and Sommeiller, in the decade 
from 1850-60. A commission of scientists was appointed by the Italian government to con- 
sider the result of these experiments. It consisted of Senator Des Ambrois de Novado, Prof. 
Giulio, Colonel Menabr^a, and Engineers Euva and Sella. After a full trial with the 
machines then known, held at Coscia, near San Pier d' Arena (not far from Genoa), the com- 
mission made a favorable report on the use of compressed air. 

The importance of the tunnel scheme was at once recognized by the sagacious Cavour. 
Paleocapa, the blind Minister of Public Works, and Sella, Minister of Finance, also supported 
the project. Finally, an act passed the Piedmontese Parliament on June 29th, 1857, by 
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which the gdvemment agreed to furnish one half the cost of the tunnel, estimated at 40,000,- 
000 lire (= 40,000,000 fr. = $7,760,000). (This was three years after the act of 1854, by 
which the Massachusetts State Legislature made their first appropriation of $2,000,000 = 10,- 
280,000 f r. towaixi Hoosac Tunnel.) The balance of the cost was to be borne by the Victor 
Emmanuel Bailroad. Later, the entire cost of the tunnel was borne by the Piedmontese gov- 
ernment. (Note how closely this parallels the history of the relationship of Massachusetts to 
the Troy & Greenfield Railroad and Hoosac Tunnel.) 

Finally, after the creation of the kingdom of Italy, when the dukedom of Savoy was 
ceded to France, Cavour, in 1862, made a treaty with the French government, according to 
which half the cost of construction was to be ref imded to the Italian government by France 
after the completion of tlie tunnel. 

The following table,* compiled by E. Bignami, is a concise historical summary of tlie 
principal events connected with the Mont Cenis Tunnel (the first date (1838) is not given by 
Bignami, but is taken from Zwick) : 

• 

Chronological Table of Mont Oenis Tunnel. 

1838. — Joseph MedaiPs first proposal. 

1841. — ^MedaiPs second proposal. 

1843. — A plan for building new railroad lines from Genoa to Turin proposed by Brunei. 

1844. — King Carlo Alberto charged Minister Gallina to study railroad constructions. 

1845. — Cabinet oixier by King Carlo Alberto to Minister des Ambrois de Novado di 
Oulx to begin the railroad from Turin to Genoa, Alexandria, and Avona — to be built at gov- 
ernment cost ; the minister ordered engineer Heinrich Mauss, of Belgium, to examine the 
Alps passes to Savoy. Medail's proposal again considered. Sismonda chaiged with the geo- 
logical examinations. Trials made at Yaldocco with Mauss's rock-cutter. 

1846. — Sommeiller and Grandis sent by the govermnent to foreign countries to study 
railroad constructions. In the state budget, 300,000 francs appropriated for Mauss's machines. 

1847. — Conclusion of a treaty between Piedmont and Switzerland for building a railroad 
across the Lukmanier. The 300,000 francs appropriated for Mauss's machines increased to 
500,000. 

I860. — ^Mauss's plan not supported in the subalpine parliament. Paleocapa made Minister 
of Public Works. 

1861-62-63. — ^Various concessions granted for railroads in Piedmont. 

1862. — CoUadon proposed the use of compressed air in the tunnel. 

1864. — Opening of the Tm'in-Susa line. Engineers Grattoni, Grandis, and Sommeiller 
made a proposal to use compressed air to run a hydropneumatic engine at the Giovi grade, 
between Giovi and Genoa. The parliament accorded 120,000 francs for a trial. 

1866. — Count Cavour appropriated this sum, without regard to parliament, in employing 
the new system for piercing the Alps. 

1866. — Concession granted to the company " Lafitte," for building a railroad through 
Savoy. 

1867. — March. — A commission appointed, under the presidency of Des Ambrois, to report 
on the experiments to be made in April at Coscia, near Genoa. 

1867. — August 18th. — ^Act passed for the tunnel through the Frejus, and charter granted 
to the company " Lafitte" to build the road from Culoz to the Tessino River. 

1867. — August 18th. — ^Formal inauguration of the work and firing of the first blast on the 
Modane side in presence of King Victor Emmanuel and Prince !N'apoleon. In the autonm, 

* "Neuepe Taonelbauten/' p. 11, by Dr. H. Zwick (1878). 
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beginning of the Biirvey work for piercing the Frfijus. (Note that this was three years after 
the commencement of Hoosac Tminel in 1854.) 

1867. — ^November 14th. — Firing of the first shot on the Bardonnfeche iside. 

1858. — Conclusion of the surveys. 

ISBSC. — ^Preparatory work at both portals of the tunnel. War between France and Pied- 
mont against Austria. Cession of Savoy to France. 

I860- — Continuation of the preparatory work, canals, reservoirs, and work-shops. Trials 
with compressors. 

I860. — Continuation of the excavation of the tunnel by the old method. 

1861. — January 12th. — Beginning of the machine-drilling on the Bardonneche side. 

1861. — June 6th. — Death of Count Cavour. 

1862. — January 28th. — ^Beginning of machine-drilling on tlie Modane side. 

1868. — June 15th. — Inauguration of the Fell Railroad from St. Michel to Susa. ' 

1870. — December 25th. — Last section of rock pierced and the headings holed. 

1871- — September 17th. — Formal inauguration and opening of the completed tunnel. 

It is an interesting and melancholy fact, in the history of this great work, that few out 
of all the great men who, as scientists, engineers, or statesmen, had been prominently 
interested in its inception, lived to see its completion. Among those left were Grattoni and 
Colladon, who lived to be present at the formal opening of the tunnel, which took place 
September 17th, 1871, the headings having previously met December 25th, 1870 ; but Som- 
meiller, to whose persistent energy the world chiefly owes the completion of the great work, 
died in September, 1871, before tlie formal inauguration of the tunnel was held. There 
are few engineers whose names will live in history by his. His life-work was consummated 
at Mont Cenis, but his name belongs to the world at large, and his fame is written on an 
enduring monument, 

^£8 txmxxwcd glorinm qas. 



Location of Mont Cenis Tunnel. 

« 

Between France and Italy — 1.<?., between the Dauphine (Savoy) and Piedmont — rises the 
chain of the Cottic Alps, averaging over 6500 feet high, extending from Monte Viso to Mont 
Cenis — ^f rom the source of the Po to that of the Dora Baltea. The range in part consists of 
two parallel chains of mountains, a western and an eastern one, separated by the valley of 
the upper Durance. The name of the range is derived from King Cottius, who ceded his 
little kingdom (named after him) to Rome in the tims of Octavianus Auc^ustus. 

Besides a number of footpaths* and trails, two highways lead Irom France across the 
Cottic Alps into Italy : one of them, the main road connecting France and south-western 
Switzerland (Geneva) with Piedmont and Italy, passes from the Valley of the Rhone up from 
Culoz into the Valley of the Isere, thence leads off to the right into the valley of the Arc, and 
follows the latter upward by St. Michel and Modane to the village of Lanslebourg. It thence 
descends Mont Cenis with many winding turns, reaching ultimately a height of 6772 feet 
(2064 metres) above the sea. At this elevation it runs between the great and small Mont 
Cenis, and reaching the south side, descends to Italy, following the Cenise rivulet, a tributary 
of the JDora. 

Tliis road was the one built by Fabbroni, in 1805, for Napoleon. 

It was completed in three months, 3000 workmen being employed, and by it the French 
descended to Italy in 1859 to conquer the Austrians at Magenta and Solferino. The above 
route was taken by the Victor Emmanuel Railroad as far as St. Michel. Between Susa and 



CONSTRUCTION. 



355 



St. Michel, a line of stages ran until 1868. On June 16th, 1868, the Fell Mountain Railroad 
began ninning, located in the main on the old line of the road. On this road 18 locomotives 
were used in the summer of 1870. One of these engines carried 60 to 70 passengers, or 20 
tons of freight, at a rate of 9-3 miles (15 kilometres) per hour, and from November 1st, 1869, 
to May 20th, 1870, 18,896 passengers were carried across. This road, according to contract, 
was discontinued on the opening of the Mont Cenis Tunnel. 

Construction of the Tunnel. 

As to the geological formation of the ground to bo passed through, the predictions of 
Elie de Beaumont and of Sismonda that no eniptive rocks would be found, but rather only 
sedimentary, mostly metamorphosed strata, belonging to the Jurassic period, proved correct. 

According to Engineer Mella, the strata do not strike at right angles to the direction of 
the tunnel, but from north S5® east to south 35^ west, dipping toward north-west at an angle 
of 50°, so that the tunnel pierces the strata at an oblique angle. Proceeding from Savoy to 
Piedmont, the following rocks were struck : 

TABLE 37. 



FORMATION. 



Sediment, sand, boulders, qaartz, gravel 

Alpine anthracite formaiion (elate, sandstoDe, conglomer- ) 

ate, talcose schist) \ 

Solid quartz rock 

Middle limestone formation, as follows : 

Anhydrite 

Crystalline limestone 

Talcose schist , 

Crystallhie limestone 

Anhydrite 

Limestone slate 

Anhydrite ^ 

Limestone slate * 

Anhydrite 

Lower limestone slate formation 



TniCKNESS. 



128-00 M. 
1967-35 
881-40 

220-50 

3400 

49-30 

21-83 

29- 73 

21-20 

1420 
896-85 

7080 
9394- 00 



TIME. 



Dec. 5, 1857, to April 25, 1858. 
April 25, 1858, to June 15, 1865. 
June 15, 1865, to March 7, 1867.* 

March 7, 1867, to June 4, 1867. 
June 4, 1867, to June 21, 1867. 
June 21, 1867, to July 12, 1867. 
July 12, 1867. to July 23, 1867. 
July 23, 1867, to Aug. 3, 1867. 
Aug. 3. 1867, to Aug. 13, 1867. 
Au^. 13, 1867, to Aug. 20, 1867. 
A ug. 20, 1867, to March 24, 1868. 
March 24, 1868, to April 25, 1868. 
To Bardonn^che. 



On the north side of the mountain, near the village Foumeaux, the level of the tunnel 
lies 3946*4 feet (1202*82 metres) above the sea ; on the soudi side, near Bardonneche, 4381'1 
feet (1335*28 metres.) By triangulation the length was fixed at 39,096 feet (12,220 metres) ; 
subsequently it was in fact found, by measurement through the tunnel, to be 40,138*3 feet 
(12,233*56 metres). 

As will be seen, the north end of the tunnel lies 133*56 metres lower than the south end. 
In order, however, to obtain a flow of water toward both portals, the tunnel was givon an 
elevation of 1338*43 metres in the middle, so that the grade toward Bardonneche is 3*05 
metres (1 : 2036), and toward Foumeaux 135-61 metres (1 : 45). The tunnel, though origin- 
ally built throughout on tangent, when finally completed had short curves at either end. 
These were neglected at first, in order to render the alignment surer. There are, therefore, 
three distinct lengths to be considered : 

(1) The original tunnel, as built on tangent, = 40,138*3 feet (12,233*55 metres). 

(2) The amount of tunnel on tangent actually used, 37,384-8 feet (11,638*15 metres). 



The difflcalties with this stratam were such that work progressed only 0-59 M. per day, Instead of 1-45 aa 



before. 
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(3) The portions on tangent, with the curved entrances or the final length, 42,157'3 
feet (12,848-92 metres). 

The arnoniit on the original tangent not nsed in the tunnel when completed was 1953*5 
feet (595-40 metres), which, added to the final length of 42,157-3 feet (12,848*92 metres), gives 
the total length of tunnel driven 44,110-8 feet (13,444-32 metres). 

As to the machinery, etc., used at Mont Cenis, the Sommeiller drills and the air-compres- 
sors will be found described in Chapter V. This present account of the Mont Cenis Tunnel 
is intended to be rather as regards the history of the work, the location of the tunnel, the 
system of drilling and blasting used, and the rate of progress attained in the heading. As 




Fig. 139J. 

CROSS-SECTION SHOWINa POSITION OF BLAST-HOLES IN THE HEADING OF MONT CENIS 

TUNNEL, 186a 

to the latter, it was driven at the bottom, and, according to Mr. Sopwith's two papers* on 
the tunnel, this heading was at first driven about 10 feet square, the size being subsequently 
settled at about 9^ feet wide by 8J feet high. 

From 70 to 80 holes of about 1 metre (3*28 feet) deep were drilled into the face of this 
heading, the object being not so much to lift the rock by carefully-placed holes, as to shatter 
it with a number of them. According to Zwick,t about eight of these hole^ were charged at 
a time, the firing being done by fuse. The rock was blasted in pieces of about 3 to 4 cubic 
decimetres (183 to 244 cubic inches), and daily about 720 holes were blasted with the use 
of some 220 to 250 kilogrammes (484 to 550 lbs.) of powder. The total amount of rock 
broken in the Ihnnel was in all about 800,000 cubic metres (1^046,403 cubic yards). 

The following detailed account of the system of drilling at Mt. Cenis is from Mr. Charles 

* Proceedings Institution of Civil Engineers, vol. xziii., p. 258 ; and vol. xxxyi.,p. 1 
t " Neaere Tannelbauten/' p. 9. 
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E. Storrow's report* of the tunnel when he visited it in 1862 : " The heading is carried 
forward at the bottom about 11^ feet wide and nearly 10 feet high. 

^^ The machines, when brought up to the work, drill 80 holes before any blasting is done. 
Three of these, near the centre, are large, being about 8 centimetres, or rather more than 3 
inches in diameter, and are not used for blasting, but simply as an ^ excavation' on a small 
scale, to facilitate the effect of the first blasts. Fig. 129i shows the position of the holes, 
and also shows, by the figures 1, 2, 3, 4, the. order in which the four groups, into which they are 
divided, are successively blasted. As soon as the holes are all made, the drill-carriage and 
the tender are run back upon the track far enough to be out of harm's way, and protected by 
doors or barricades. All the holes are then loaded, except the fourth group at the bottom. 
Group 1 is fired ; then group 2 ; then group 3. The lower group, 4, is then cleared of the 
rubbish which falls upon it from the previous blasts, is loaded and fired. 

" The holes drilled by the machines are from 32 to 36 inches in depth. For the three 
large holes, which are not blasted, a drill is used which has a diameter of about 1^ inches for 
a length of 4 inches, and is then enlarged to a cutting shoulder of about 3 inches in diameter. 
If the rock is very hard, drills about ^ inch smaller are used. For the other holes, drills are 
used of threa sizes, Nos. 1, 2, and 3, which are respectively of the diameter of l-j^j-, l-j'y, l-j*^- 
inehes — the smallest being used for the hardest rook. Where a particularly hard rock is met 
with, they sometimes begin with a large drill. No. 1, and successively use smaller drills, Nos. 
2 and 3, as they deepen the hole. To make eighty holes, they generally use 120 drills, but 
sometimes one drill will make two or three holes, and sometimes one hole will require two or 
three drills. The common section of the ciitter at the end of the drill is Z. If the rock were 
more homogeneous, they would use a straigl it-edged cutter. The greatest difficulty encountered 
is the want of homogeneity, which they consider much worse than hardness. The Z section, 
with the rotatory motion of the drill, partly obviates the difficulty." 

In 1863-'64, Mr. Sopwith gives the average working time as 6 to 8 hours for the machin- 
ists, 1^ to 2 hour;^ for charging and firing, 3 to 5 hours for removing broken rock, or hardly 
two complete shifts in twenty-four hours. The rate of work was, of course, in subsequent 
years, much improved, and the tables of monthly progress of headings at the end of this chap- 
ter will give the rate of advance attained. The enlarging of the heading was first eifected by 
carr)'ing it directly up to the roof by means of a high carriage. The top was then widened 
out, the arch put in, and then the sides taken out, the arch being temporarily supported by 
timber, according to the Belgian plan, until the abutments were built. 

In 1864, Mr. Sopwith, in making an estimate of the comparative cost and rate of prog- 
ress by hand or machine labor, says in his paper : " There is no doubt that establishing, as 
Mr. Sommeiller has done, on so large a scale, an entirely new system, without experience in its 
use and application, many expenses have been incurred that would be avoided hereafter . . . 
it appears, so far as may be judged from so rough an estimate, that by machinery a progress 
three times as fast as by hand labor may be effected, but at two and a half times the cost. 
For mining charges, in the case of a gallery for mining purposes, the comparison might stop 
here ; but not so in the case of a railway-tunnel. For the enlarging, timbering, walling, and 
general charges are quantities common to both, and the proportion will be notably diminished 
when they are added. The estimated cost of making the Mont Cenis Tunnel was £120 per 
metre. It makes but little difference, therefore, whether the mining charge there is £10 or 
£26 per yard. The ultimate proportion of cost to put against an increased advancement of 
three to one would thus, instead of being two and one half to one, not exceed £120 to £110, 
assuming the charges common to both systems to amount to £100 per yard, which, in the case 

* Report of Cliarles E. Storrow, embodied in the rt*port of the Massachusetts State Commissioners on th« 
Troy & Greenfield Railroad and Hoosac Tunnel, February 23d, 1803. 
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of the Mont Cenis Tunnel, they will not fail to do. In ordinary cases, to which the preceding 
comparisons are supposed to refer, rather than to the Mont Cenis, say, in the case of a tunnel 
costing £30 per yard, which is perhaps not too much to assume for a tunnel of sufficient 
length to make it advisable to apply machinery, the comparison would naturally be more dis- 
advantageous than in the Mont Cenis, where the general charges are so exceptionally high. 
Say, therefore, in the case of a tunnel to cost £30 per yard when completed, that £5 per yard • 
was for mining charge in the advanced gallery, and £25 per yard for general charges. By 
applying machinery, the mining charge would be increased to £13 per yard ; and the £25 per 
yard for general charges might be increased to £27 per yard, as air-pipes would not be 
required if machinery were not introduced ; the proportion of cost would then stand as 40 : 30, 
which would not purchase at all dearly an advancement in the proportion of 3 to 1." 

These estimates are now only of interest as showing the early stages of rock-drilling in 
Europe. Mr. Sopwith further, in 1864, estimated the cost of construction of the tunnel at that 
date at about £125 per lineal yard, as follows:* "The miners were paid 2 francsf 10 cen- 
times per day ; other classes of workmen were paid 2 francs per day, and boys 1^ francs per 
day ; so that, on the average, the rate of wages paid for labor, even allowing for the ten 
foremen machinists employed in the tunnel and at the pumps, did not at the most 
exceed 2 francs 50 centimes per day, equal to about 25. (A premium, varying accord- 
ing to the nature of the material met, was paid to the workmen, over and abovd their 
rate of wages. See prices, page 368^) To estimate roughly then the cost of the tunnel, 
take 2500 men at 2*. per day; dividing that by 3 yards per day advancement at the two 
ends, gives the cost for labor under £85 per yard ; and, as the labor of all the workmen 
was included in the 2500, £40 per yard was a liberal estimate for the cost of materials, 
etc., for walling and finishing the tunnel. This would give £125 per yard " (this was 
in 1864). Further Mr. Sopwith says, " The rates formerly attained by the Piedmontese 
miners (and perhaps there were no better in Europe) were known. It was found that 
during three years or four years of hand labor, the average progress was not more than 
about 18 inches per day, while the results in similar works, as obtained from machine 
labor, at the time of the author's visit, and maintained during the month of June, 1863> 
and since that time, were 4*7 feet, affording at once a comparison in favor of the machine 
of at least 3 to 1." 

By the time the Mont Cenis Tunnel, however, had been completed, the comparative rate 
was raised to 5 to 1, and, as stated in the chapter on rock-drills, that figure may now (1882), in • 
view of the more recent experience gained at Hoosac, Musconetcong, Nesquehoning, Sutro, 
and St. Gothard, be taken as a safe figure. It has indeed been considerably exceeded ( see 
tables at the end of this chapter), but the highest figures can hardly be taken for a general 
estimate. 

On the completion of the tunnel, it was expected that the difference of level between the 
French and Italian sides would have secured a steady current of fresh air from north to south. 
This was, however, not found to be the case, and a line of i>ipe of about 8 inches dian>3ter was 
laid through the tunnel and filled with compressed air from -two compressors run by a water- 
wheel at the Italian end ; this pipe having cocks at short intervals, to be opened as occasion 
may require. The tunnel is lighted with oil lamps, one being placed at every 500 metres, and 
marked legibly with the distance in kilometres from the Bardonneche entrance. 

The arching is carried throughout the tunnel, with the exception of about 300 yards in 
quartzite on the French side. There are good side-paths left on either side, of flagged stone, 
about 1 foot 8 inches broad. All the walling and brickwork aro said to have been executed 

» Proc. Inst. C. E., vol. xxUl., p. 311. f 1 '»oc feol^) = $0-104 ; £1 (gold) = $4.87. 
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substantially and with remarkable nnif ormity, considering they were not commenced and car- 
ried straight forward, but in sections at several different points at the same time. 

Since the completion of the tunnel, the temperature of the air in the middle has varied 
from 80° to 90® F, During, the construction, a spring located at a distance of 7000 metres 
from the Bardonneche entrance was foimd to have a temperature of 84® F. 

Zwick ^ gives the final cost of the tunnel as about 75,000,000 francs, or, say, in round 
numbers, §15,000,000. The act of August 15th, 1857, which granted the building of the tun- 
nel to the Piedmontese government, calculated the cost at 41,400,000 francs, of which 20,000,- 
000 were to be paid by the Victor Emmanuel Railroad after completion of the work. Besides, 
France, after the cession of Nice and Savoy, agreed (as we have seen), in an international con- 
vention, to pay Italy 19,000,000 francs after the tunnel was completed, together with an 
annual premium of 500,000 francs in case it were finished before twenty-five years, provided 
that Italy did the work with its own men and materials. Although 'flie tunnel was completed 
long before twenty-five years, a short calculation will show that the amount paid by France 
was only about 27,000,000 francs, far less, therefore, than half the total cost, which amounts to 
76,000,000 francs, or $15,000,000 ; which, taken as the cost of a tunnel 12,848-92 metres = 
42,157 fept in length, gives $356 per running foot. 

For fuller details of the Mont Cenis Tunnel, the best papers on the subject in the English 
language are Mr. Sopwith's, above referred to, and a series of papers on Mont Cenis Tunnel, 
by Mr. Francis Kossuth, Royal Commissioner for the Railways in Italy. The latter are very 
full as to the surveying, geological characteristics, machinery for compressing air, rock-drills, 
theoretical principles of compressing air, etc. etc. They will be found in ^^ Engineering" 
(London) as follows : 

Vol. xi. (1871), pp. 347-377-429. 

Vol. xii. (1871), pp. 37-180-193-241-283-367. 

Vol. xiii. (1872), pp. 80-391. 

Zwick has also given an excellent description of the tunnel in his "Neuere Tunnelbauten," 
and Schoen has some notes in his " Tunnelbau," 1874. See also J. Bonjean, " Le Mont Cenis, 
perceo des Alps, Description des nouvelles Machines de MM. Sommeiller, Grattoni et Grandis.'' 
1866. " Conte-Rapport au Ministre des Travaux publics sur le Percement du grand Tunnel 
d6s Alpes," 1863. Devlllez, "Des Travaux de Percement d'un Tunnel sous les Alpes et de 
I'Emploi des Machines dans Tlnterieur des Mines," 1863. " The Mont Cenis Tunnel : Its 
Construction and Probable Consequences," London, 1873. " Trafora delli Alpi," etc., 
Turin, 1863. Oppermann's "Nouvelles Annales de la Construction," etc., vols, for 1869, p. 
71 ; 1871, pp- 79, 92 and 95. 

Since tlie publication of the above description in the first edition of this work it is said 
that the base of the Mont Cenis Tunnel at the French entrance shows such ominous signs of 
sinking that the Paris-Lyons Mediterranean Railway Company intend to have another en- 
trance to the tunnel bored, which is to l)c sitnated at about 1 kilometre's distance from the 
present entrance, and is to reach the old tunnel at a spot about 600 metres from its mouth. 
The work has already been commenced. 



PART VI. 

THE ST. OOTHAIiD TUXNEL.f 

Obigin and Location. 
The idea of an alpine railroad over the St. Gothard wjis started in 1840-'50. It assumed 

♦ "Nouero Tunnelbauten," Leipzig, 1873, p. 11. 

t Th9 following description of St. Gothard Tunnel (except the contract prices cited pp. 8G0 and 3G1) was 
especially prepared and contributed by Mr. J. Kauffmann, Inspecting Engineer of St. Grothard Tunnel for insertion 
in this work. Mr. Kauffman's notes were written in German, and were translated and placed in the form here 
given, by Mr, Charles Kirchhoff, jr., M. Am. Inst, ME. 
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a finncr aspect in tho beginning of the decade 1850-'60, and under the aaspices of the Swiss 
Central Bailroad Company, with the co-operation of a number of cantons, a commission was 
formed, and under its direction more detailed studies were made in the matter. Accurate sur- 
veys were made, and upon these Engineer MuUer, of LTrl, and Chief-En«:ineer Locchini, of 
Tessino, drew up a report, the former also starting the idea of a great tunnel between Goe- 
schenen and Airolo. These examinations were continued by Engineer Wetli, who had also 
taken a prominent part in drawing up the original plan. He finally put in shape a project 
for the entire Gothard Railroad. There, however, the matter rested until 1863, when the 
commission was reorganized with the aid of the Swiss North-east Railroad Company, and 
under the immediate direction of the then president of the road, Dr. A. Escher. A thorough 
set of technical and financial examinations was now inaugurated. For the technical part, 
Messrs. Beckh and Gerwig were engaged as experts, who published the result of their studies, 
plans, and calculations of costs in a detailed report. In it the piercing of the great tunnel be- 
tween Goeschenen and Airolo was decidedly recommended, and they directly opposed locat- 
ing it any higher in order to shorten it. 

At the same time, the question of an Alpine railroad was looked into by the Italian 
government, Italy having a decided interest in the completion of a railroad connection ^ith Ger- 
many. The Italian commission arrived at the conclusion that of the three routes possible, the 
one through the St. Gothard offered most advantages, and that it would be of the greatest 
interest to Italy to aid it. Germany also taking an interest in the question, and having de- 
clared her co-operation probable, in 1869, a treaty was concluded between Germany, Italy, 
and Switzerland, which determined the basis on which the enterprise was to be carried out, 
the trace (line) chosen, and the respective contributions on the part of the three states. The 
Franco-German war prevented the ratification of this treaty on the part of Germany until 
• October, 1871. Germany having then signed, the organization of the St. Gothard Railroad 
Company was immediately carried out. 

Award of the Contract. 

• In April, 1872, Mr. Gerwig, of Baden, was appointed chief -engineer of the Gothard Railroad, 
and immediately afterward bids for the execution of the great St. Gothard Tunnel were called 
for. Of seven bids, two only finally were really considered — the one from the Societa Italiana 
di Lavori Publici (Mr. Grattoni at the head), the otl\,er that of M. Louis Favre, of Geneva ; 
and of these two, preference was given to the latter because his bid was by far the more 
favorable for the Company. Favre's bid was 12,500,000 francs less than Grattoni's, and his 
time set for completing the work one year shorter. On August 7th, 1872, an agreement was 
therefore made with M. Favre for tho execution of the tunnel, the main conditions of which 
stood in 1878 as follows (some alterations have been made since the original contract 
was signed) : 

Prices Paid to the C(^ntractor, Lonis Favre, of Geneva.*"" 

(These figures are not from Mr. Kauffmann, but were obtained by the author from other 
sources.) 

Tunnel Excavation, including drain, per lineal metre frs. 2800 

Arch, " cubic " " 75 

" additional for facing, *' square ** " 20 

Bubble masonry, '* cubic ** ** 40 

Ballastinjj, " lineal " ...l ** 22 

Tracklaying, " *• »' ** 4 

Additional end-headings for alignment, *' " " *V 1500 

For the arching, the cross-sections are classified as follows : 

No. I. Arch springing from a point 2 metres below crown (no abutments). 

(( TT <( It << (( A li tt i( «( 

" III. Full arch with abutments and invert. 
Nos. I. and 11. have each 3 subdivisions : 

a Arch without abutments. 
b ** with one abutment. 
C ** ** two abutments. 

* 1 franc =^ $0,191. 1 metre = 8.2^1 feet. 
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The prices of masonry are the following per lineal metre of tunnel : 

No. L a Thickness of arch, 0.40 to 0.70 metre frs. 515 to 
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For monthly estimates, the following prices are paid : 

Heading , . .per running metre, Irs. 
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Masonry of abutments per cubic metre, frs. 
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Facing, in addition to foregoing ** square 

Stone on hand, measuring &ce only " ** 
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(Fig. 130 shows the different portions of work referred to.) 

At these rates, the cost of the entire tunnel would amount to about 50,000,000 of 
francs in all. The principal features of the contract 
were the following: M. Favre agreed to finish the 
tunnel in eight yeara from the date of the ratification 
of the agreement by the Swiss Council. Should the 
tunnel be completed before that date, for every day 
gained he was to receive a premium of 6000 francs; 
on the other hand, for every day after that date lost, 
lie was to suffer a deduction of 6000 francs in the 
first six months, and in the next six months a deduc- 
tion of 10,000 franqs per diem. For the correct ful- 
fillment of his engagements, M. Favre gave a security 
of 8,000,000 francs, to become the property of the 
company if the completion of the tunnel be retarded 
by more than one year. M. Favre was to make the 
arrangements for the execution of the tunnel according 
to his own judgment, and orders the machines, tools, and 

T - ,, , . J - ^ J.' mi 1, Heading ; 2 and 3, Calotte ; 4, Cunette of Strowe 

supplies of all kmds necessary for construction. Iho taken out in two parta ; 6, strowe : e. 7, and 8, En- 
cost arising was to be paid by the company, to whom iMgement and nnuhing. 

it was to be refunded, however, by the contractor after the completion of the tunnel, with 
interest at five per cent per annum. The tunnel was not, however, completed in the specified 
time, and there is some difference of opinion on the subject between the Federal authorities 
and the contractors, the latter claiming that the delay in the completion of the work was 
due to the tardiness of the Swiss Government in fulfilling its engagements. The tunnel, 
however, will, according to J. Kauffinann, be completed in October, 1881, before the railway 
is finished, so that no actual delay to the work will occur. The mails have been passing 
through it for some time, the advance headings having met on the 30th day of April, 1880. 

Alterations of the Contract. 

This agreement made with M. Favre suffered a number of alterations in the course of 
time, and special points were more accurately defined. By an agreement dated June 19th, 
1874, the -total amount of money to be advanced to M. Favre by the company for installation 
was settled upon at 4,000,000 francs, the payments on account of the various sections of the 
excavation were more accurately regulated, and for the tunnel masonry some changes giving 
relief were accorded, and it was further settled how the kind of arching required was to be 
agreed upon by the two parties. Further modifications were made in September, 1875, the 
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aim of which was to adhere to a certain plan of working, witli the view of finishing the tnn- 
nel at the right time ; fnithermore, fixed normal types (see above) for the masonry were estab- 
lished^and for everyone of tliese tj'pes a price per running metre (instead of per cubic metre) 
was agreed npon. The lowest of these prices is 515 francs; the highest (thickness of arching 
one metre, witli invert), 2470 francs. 

M. Favrc himself did not live to see his great work completed. Early in the morning 
of the 19th of July he entered tlie tunnel and conducted a French engineer to the face. On 
his return to the machinery station in the tunnel ho fell ill, and in a few moments after the 
attack dropped dead in the tunnel which was the crowning work of his life. He was born in 
Chenc-Tlionex, Switzerland, in 1825, and after attending a primary school, entered business 
life with a modest sum. lie was connected with many important engineering works in 
France. 

Geology of the St. Gothard Tunnel. 

The geological relations of the St. Gothard group have for a long time been the object 
of detailed btudies by famous geologists. The results tend to show that the main body of the 
St. Gothard Mountain consists chiefly of granitic gneiss, mica schist, and hornblende schist, 
with the exception of the basin of the Andennatt, where Jurassic limestone is embedded. 
The strike of the strata is north-east and south-west, cutting the line of the tunnel at an angle 
of from 45^ to 80®. Regular observations made since the beginning of the construction have, 
on the whole, confirmed the truth of the above assumption. On the north side, the rock con- 
tinued veYy hard to about 2000 metres from the portal, being granitic gneiss, then various 
kinds of gneissic and micaceous schists followed, after them a layer of limestone about 100 
metres long, black slato and schistose gneiss. The rock tunneled through on the north side 
has been generally entirely dry ; maximum flow of water from the tunnel per second, 30 
litres (7'9 gallons). On the south side, mica schist, hornblende rock, and gneiss containing 
more hornblende and mien, and quartzite predominated ; also, for about 1250 metres, a con- 
sideriible flow of water had to be overcome, and later on, again, much water was encountered, 
sometimes as much as 848 litres (101»9 gallons) per second. Very great trouble was ex- 
p<!rienced during 1880 in passing through a bed of disintegrated feldspar, which swelled with 
almost irresistible force on exposure to the atmosphere, and threatened at one time to crush 
every lining that could be built in. A heavy granite arching 5 feet thick was crushed in 
fotno parts, so that it had to be renewed, and had to be supported by granite side walls 6 feet 
7 inches thick. 

Alignment and Geade.* 

The direction of the tunnel is for the greater part of its length on tangent. In fact, it 
doc5M not deviate much from the lino of the meridian north and south. At the Airolo end 
th«n5 Im a section 470 feet long on curve, radius of the curve being 984 feet. The length 
of the straight tunnel section is to be 48,411 feet; therefore, the entire tunnel length, 
iur?luding this curve at the end, will bo 48,887 feet (9-20 miles). For the sake of easier verifica- 
tion of the line, the portion on tangent is lengthened toward Airolo by a so-called "alignment 
turuM?l,"64l feet long. The straight distance between the tunnel-portal at Goeschenen 
and th(5 portal of the alignment tunnel is therefore 48,952 feet. At Goeschenen, the 
tunnel will bo lengthened by 164 feet beyond the portal originally assumed. The grade 
wiM mf arranged in the original plan that the tunnel, from Goeschenen to the middle was to 
rU« B*H2 per rnillo, then to run level for 691 feet, and then to fall toward Airolo with a 
grade of one permille. As, however, it afterward proved desirable to have a heavier grade 
on the Airolo side to help the flow of water, the grade was increased to two per mille. The 

^ \\\ tliA following notes, all lengths have been ^ven in feet alone, as this account will chicflj be of interest 
i<» ICn(rll«U tttid American engineers, there being copious French and Qerman reports accessible to European 
•fitflimfirs. (1 foot = 0*8048 metre.) 
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highest point of the tunnel (formerly assumed at 3781 feet above tide) is no\ie 3786 
feet. The elevation of the level of the track above tide at Goeschenen is 3639, at Airolo 
3757 feet. 

Mode of Working m General — ^Water-power Used. 

The air-compressors are all run by water-power. On the north side, a reservoir has been 
constructed in the bed of the Keuss, above Goeschenen, from which the -water is led down 
by a flume lined with masonry. This flume is 10 square feet cross-section, and 443 feet 
long. From it the water is led into a filtering reservoir to deposit its sediment, and thence 
into aline of iron pipe 34 inches in diameter, which takes it to the turbine. This line of pipe 
is 2133 feet long ; it then divides into two branches, each 492 feet long, and one of which 
supplies each of two turbines. The entire head of water available is 279 feet, and the 
power attained at lowest water-mark is 1360 horse-power. 

On the south side, it was thought at first that all the water necessaiy for working could 
be taken from the Tremola, a brook flowing down from the St. Gothard. At an elevation of 
4544 feet above the level of the sea, the water was caught in a reservoir, and thence led to 
the bed of the Chiesso Brook by a channel partly lined with nmsonry, partly with wood, and 
covered. By the bed of the Chiesso, it flows to the filtering reservoir, which is 4331 feet 
above tide. From the latter, jigain, a line of cast-iron pipe 24^ inches diameter and 2762 
feet long, leads to the turbines. The head of water available amounts here to 541 feet, the 
effect being 440 horse-power. 

In time, it became obvious that the amount of water furnished by the Tremola did not, 
under all circumstances, suffice for the engines, and that especially in winter the supply often 
stopped altogether. The contractor, therefore, decided to use the water-power of the Tessino 
also ; but on account of the slight fall of this river, he was forced to catch the water about 
2^ miles above Airolo, at an elevation of 4121 feet above the level of the sea, and from 
thence to build a canal, partly stone arched, partly of wood, 9984 feet long of 6^ square feet 
cross-section, 5 per cent grade. Diameter of pipe, 2^ feet ; length of line of pipe, 2229 feet ; 
head, 295 feet. Eifect may be more than 1000 horse-power. Similarly to the other con- 
structions, the canal empties into a filtering reservoir, from which the water is again led in 
iron pipes to the turbines. 

Arrangement of the Turbines. 

Vertical Giraixi turbines are used as motors at Goeschenen, each requiring 300 litres of 
water per second, and 279 feet head, giving an effect of 250 honse-power. Diameter of tur- 
bines from outside to outside, 94J inches ; number of paddles, 80 ; and their velocity, 160 
revolutions per minute. On the south side of Airolo, tangential wheels of bronze are used, 
outer diameter being 47 inches, 100 paddles, and a velocity of 390 revolutions per minute. 

Air-Compressors. 

M. Favre secured the scientific services of M. Colladon, of Geneva, in designing the 
compressor system used. 

The compressors (System Colladon) are constructed on the principle of the double-acting 
pump, and they have a special appliauce to admit a circulation of cold water, partly in the pis- 
ton and the piston-red, partly around the walls of the cylinder, thus keeping the compressed 
air cool. At Goeschenen, the compressor-cylinders have a diameter of 16^ inches, tlie 
stroke is 25^ inches ; and the air is compressed to 7 atmospheres pressure. At Airolo, 
the diameter of air-cylinders is 17 inches, stroke 18 inches. (See Chapter V.) Up to 
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1876, the number of compressors at each end of the tunnel was 15 ; these were divided into 
5 groups of 3 cylinders each, so that every group was put in motion by one turbine. The 
increased use of mechanical drilling in the tunnel made it desirable to increase the nimiber of 
the compressors still more, and so, in 1876, four new, somewhat larger and more powerful, 
compressor cylinders were set up on each side, each pair of two being run by a turbine. The 
compressed air is led from the compressors first to four air-tanks, each 29^ feet long and 65 inches 
diameter, and from these through sheet-iron pipes to the tunnel, The diameter of pipes 
diminishes from the portal to the face of heading; from 8 to 4 inches, and pipes of 2^^ inches 
branch off to the single machines. It has proved advantageous to use pipes of large diam- 
eter as much as possible, because narrow pipes reduce the pressure too much. According to 
M. Kauffmann's experience, one should, in the construction of an Alps tunnel, begin with 
pipe 12 inches in diameter, and gradually come down to 4 inches at the face. 

The Eock-Drills. 

For drilling in the tunnel, various makes of drills have been tried. In the beginning the 
Sommeiller and Dubois- Francois were chiefly used ; later, the McKean and Ferroux were 
adopted ; and finally, on the^lorth side, chiefly Ferroux drills, and on the south side McKean 
drills were usud. A McKean drill costs 3000 francs ; a Ferroux drill, 1500 francs. The latter is 
simpler, and therefore requires less repair; on the other hand, it consumes a little more air than 
the former. The number of blows depends upon the pressure ; in gneissic mica-schist, the 
progress has already, with IJ atmospheric pressure, amounted to about 10 feet in 24 hours. 
Then the number of blows is about 180 per minute. For mounting these drills, carriages were 
constructed which move forward on rollers and are pushed up to the point of attack on 
tracks in the tunnel. Each carriage will carry from 6 to 8 drills. The work of drilling at 
any point is carried on in the following manner : For every set of rock drills there are needed 
on an average 1 foreman, 4 miners, 2 machinists, 8 helpers, and 1 boy. After a blast has 
been cleared away, the carriage with the drills is run up to the face. Two trucks 
accompany them, one carrying a tank of water, and the other a number of drills. Fig. 108, 
Chapter V., shows a carriage with drills attached. The carriage being at the face, the 
drills are brought iijto position, and the carriage-wheels blocked. Connection is then made 
with rubber hose between the large air-pipe and a small tank at the back end of the drill- 
carriage. From this tank, smaller rubber hose leads to the single drills, the air being turned 
' on by cocks ; water is injected into the holes under pressure of compressed air. The depth 
of the holes varies, according to the nature of the rock, from 2 feet 7 inches to 4 feet 3 inches, 
and in one point of attack about 13 to 18 of them are drilled : first, the middle ones directed 
vertically against the face, then those of the bottom and of the top at angles from 60° to 85°. 
All the holes being drilled, the carriage and the trucks belonging to it are drawn back for 
about 262 feet, and placed on a switch. Then the second part of the work commences — the 
charging, firing, and clearing away, for which, on an average, 22 men are necessary. (The 
large number of men in so small a face is caused by 6 cars being brought on at once, in 
order to gain time. The debris is carried on over the cars to the last one.) Every hole is 
charged with dynamite, and is prepared for firing by a Bickf ord fuse. The fuses are not made 
of equal length, so that blasting in sections results when all the holes are lit at the same time, 
the first being the middle, then the upper, and last the lower row of cartridges. The 
charge per hole amounts on an average to 800 grammes (I lb. 12 oz. avoir.) dynamite (of 75 
per cent nitro-glycerine). The shots being fired, a strong current of compressed air is blown 
to the face for the sake of ventilation, and then the clearing of the loose rock is taken in 
hand. The debris is loaded, as described above, with the aid of baskets, into cars standing 
ready on a track, and in them carried away. 
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FigB. 131, 132, and 133 are from the "Bappott Trimestriel No. 3, dii Conseil Federal 
Snisee," etc. ; they show the system of firing. The three middle holes (shown by circle and 
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ABBANQEMENT OP SHOT-HOLES, ST. GOTHARD TDNNEL. 
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dot) are fired first, then the side and top holes (shown by circle), and finally the bottom holes 
(shown by black dots). 

DmSION OF THE WOBK OF CoNSTRUCnON. 

The system chosen by the contractor for driving the tannel is at both ends the Belgian, 
the work being begun by driving in advance a beading at top of tlie tunnel; then this top 
heading ia enlarged at both sides, and finally the excavation is sunk down to the bottom of 
the cross-section. The execntitm of this system, however, does not go on in exactly the same 
manner at both ends of the tannel. At the north side, there are two distinct levels, the 
advance heading (French, "Calotte;" German, " Eichatollen"), and the bottom cut ("Cunette 
da Stroflse" — " Sohlenschlitz.") 

The top heading proper was driven by machinery from the beginning, or at least as soon 
as the plant was in such shape as to pennit it, the other parts at first by hand. The number 
of comprcssoi's having been increased, it became, however, possible to extend machine-drilling 
to other parts also, and later, besides in the face of the top heading, drill-carriages are 
placed at six other points, four in the side enlargements of the top heading (two on a side) ana 
two in the bottom heading. This bottom heading (or rather cut) is not driven in the middle 
of the tannel, but on the east side, and its enlargement to the full profile has liitlierto been 
done by hand. At the Airolo end, where, on account of the strong flow of water, a good 
deal more timbering had to be pat in, the work is done in three levels. After the top heading 
has been driven ahead and enlai^ed at both sides, the heading is deepened at one side to 
a certain depth ; and this deepening is gradnally carried out over the entire width of the ton- 
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nel) then the bottom heading is taken in liand, and, finally, the full area excavated. At this 
end, machine-drilling was in 1877 used at five other points of attack, besides the top heading — 
t. e.y at the side enlargements of the top and in deepening. 

A number of pumps, run by compressed air, carry away the water from points where it 
does not naturally flow. Provisionally, the water has been carried off also in channels espe- 
cially blasted out, or by wooden troughs ; the final drainage will be through a large arched 
sewer below the bottom of the tunnel located on the left. The broken rock was at first run 
directly in the cars down a slope from the top heading to the i>ottom of the tunnel ; later, 
arrangements were effected to dmnp directly from the upper cars into cars standing ready on 
the lower level. 

In order, however, to transport the tools, etc., used for machine-drilling, and the machines 
themselves, also the arching materials, from the lower to the upper level, special hoisting 
appliances were constructed and set up, by which a platform could be lifted and lowered by 
the pressure of water at 30 atmospheres. Latterly, besides these hoisting appliances, slopes 
have again been constructed, in order to admit of transportation in case the elevator should not 
work. As far as the cara must be moved on the level of the top heading, they are partly 
pushed by hand, partly drawn by horses. On the bottom level, however, transportation is 
effected by locomotives run by air compressed to 12 atmospheres. The air for the rock-drills 
is compressed to 7 atmospheres. This, by special compressor, is brought to 12 atmospheres, 
and then led into reservoirs, from which, through a separate line of 2^-inch pipe, it goes into 
the tunnel, from which the locomotive is supplied at certain places. These locomotives are 
filled with hot water, through which the air passes, in order to avoid cooling in expanding. 
The air gets into the cylinders with at most 4 atmospheres pressure- This ingenious contriv- 
ance was devised by Mekarsky, an engineer at Paris. This locomotive has a tender, to 
which is coupled an eight-wheeled truck, carrying an air-tank, and this tank is filled through 
rubber tubes connecting with the large pipe. 

Effect of the Rock-Dkills. 

It has been already noted that at every attack a number of holes are drilled, the depths 
of which vary from 2' 7" to 4' 3", but which, on the average, may be assmned at 1*1 metres, 
or, say, 3' 1" each. (See tables at end of tliis chapter.) This work requires from three to 
four machines, and each attack or drilling heat takes, on a minimum, three hours, which 
may be increased, according to the nature of the rock and the amount of air at disposal, to five 
hours or even more. The time necessary for charging, firing, and clearing away varies 
from three to four hours per drilling heat. If the work passes off smoothly throughout, four 
sets of holes may be drilled in twenty-four hours, and with each an advance of one clear 
metre (3-28 feet) of heading, driven so that the daily progress attainable in the heading may be 
assumed as 4 metres (13 feet) at each end, in rock such as gneiss. In fact, monthly advances 
of 120 and even 133 metres (394 to 436 feet) have been reached. (See tables at end of this 
chapter.) The amount excavated in the top heading may, according to these assumptions, 
be placed daily at 26 to 33 cubic yards. In the other parts of the working, no average figures 
can be given, because the work is done partly by hand and partly with machines, and, in the 
latter case, sometimes more, sometimes fewer, points of attack are worked at the same time. 
Here, too, the work can be done more cheaply, because there are any number of points of 
attack at disposal. The time required for a single machine to drill a hole one metre deep 
averages about one hour. In especially favorable cases, it has been reduced to forty minutes, 
while, under unfavorable circumstances, it has gone as high as two and a half hours. Of the 
machines coming into use, about 3 to 4 per cent per month require repairs. With ordinary 
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rock (middling hard gneiss), three to four drills are used in drilling each hole, and during 
a month from 3000 to 5000 of them in the heading alone. 

Accidents. 

Unfortmiately, the construction of the St. Gothard Tunnel shows a pretty large number 
of accidents, more or less serious, especially in the year 1876, While, in 1875, the number of 
accidents causing death were 16, causing injuries 47, the figures rose in 1876 to 24 and 81 
respectively. The most frequent causes of these accidents were : unexpected explosions of 
dynamite, from cartridges in the second and third blasting rounds having missed fire, owing 
to the fuse being torn away* by the first round. Although, after firing, the blasters are forced 
to make an examination, a mistake happens now and then. Accidents also occur from rock 
falling down into the tunnel (especially in granite and the loose rock under the Andennatt) ; 
men have been mn over by cars, and others hurt by falling down from the upper level 
into the lower, though vel-y rarely ; after the bottom heading had been laid entirely at the left 
side-wall, this did not occur at all. The bursting of air-pipes also has been the cause of some 
hurts being received.* 

Cost of the Work. 

Most of the work is contracted for by the gangs per running metre. Besides the fixed 
prices, premiums for extra work beyond a certain amount are paid. The single workmen 
share the profits in the proportion of their different days' wages. The contract prices amomit, 
per running metre of heading in gneiss, 7*2 square yards (6 square metres), to 

Drilling 75 fr8,t 

Transportation 50 " 

Dynamite used 50 " 

Fuse, baskets, oil, repairs of rock-drills, transportation of same. . . 55 " 

Total 230 frs. 

The Cunette du Strosse, 15*5 square yards (13 square metres), 

amounts similarly, per nmning metre, to 260 frs. 

The side enlargement of the upper level, 47*8 square yards (40 square metres), per run- 
ning metre. 

Drilling and transportation to 200 frs. 

Dynamite 70 " 

Fuse, baskets, oil, repairs of rock-drills, drills, transportation of same 70 " 

Total 340 fre. 

The bottom enlargement in granite costs per cubic metre, every thing included, 30 francs; 
in gneiss, probably 20 francs. Masonry is paid by the cubic metre. Rough, undressed 
masonry, foundations, and side- walls, including mortar, 18 francs ; arching, exclusive of cost 
of blocks, but with transportation, per cubic metre, 22 francs. The " moellons" of granite 
well trimmed, cost, in stock-yard, from 55 to 60 francs per cubic metre. To these figures add 

* Since the first edition of this work appeared the disease and mortality among the laborers in the St. Gk>thard 
Tannel are represented as haying been excessive. The distance Ijetween the entrance to the tunnel and the places 
where the perforators were at work, which was nearly five mUcs on the north side, coupled with the frequent freez- 
ing of the compressors, rendered ventilation extremely difficult; and the air was further fouled by frequent explo- 
sions of dynamite, the some 530 oil lamps and the exhalations of 400 men and 40 horses, working in a tempera- 
ture of 80 to 05 degrees. The men died in largo numbers of a peculiar disease, called tunnel trichinosis, from the 
presence of an entozoon in the intestines. Three or four months* labor in the tunnel brought on the disease, and 
twelve months generally made the laborer a confirmed invalid. The symptoms were yellowncBS of skin, features 
drawn, eyes half closed, lips discolored, skin humid, gait difficult, and digestion destroyed. 

1 1 franc = «0.1M. 
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for cost of iastftllatlon, general administration, and preparation, about 6,500,000 francs, or, say, 
460 francs per lineal metre of tunnel. 

As to changing the system^ it is out of the question. It has proved completely success- 
ful, as was to be expected, the advance headings meeting on the 30th of April, 1880. 

The working section is very large at both ends, about 2000 metres. (This is not, of course, 
the area of one face, but of the many different places of attack that are carried on simulta- 
neously:) These will be reduced, as more of the whole tnnnel is finished than the advance of 
the heading amounts to. The two working levels, the lower and the upper, are absolutely 
indispensable for unobstructed transportation ; with the English system,* one could not attain 
the effect with so much stoppage at the chutes and blasting away of the intermediate bank 
between the two headings, not to speak of the accumulation of water in the lower heading. 



Subletting Tunnel Contracts. 

The above communication from Mr. Kauffmann is of great interest, as a personal and 
authoritative account from the inspecting engineer of our greatest modem railroad tunnel. 
The system of subletting the work to which he refers, we have seen, was also pursued at 
Mont Cenis, and in the account of the Sutro Tunnel, we have the same thing there. Mr. 
F. Rinecker, civil engineer, of Wiirzburg, Germany, writes the author that " this system of 
subletting the work to the gangs is used very generally throughout Europe. As a rule, 
only the labor, as such, is let to them, materials being furnished by the contractor. Some- 
times, to avoid waste — for instance, in the use of dynamite — the materials are included, being 
furnished for a certain price, and the value of the quantity consumed deducted, in paying the 
amounts due. 

" These sub-contracts are entered into either with the whole gangs or with the miners 
only ; and sometimes simply with the bosses. The price is fixed for a certain part of the work 
— ^say, for instance, for the heading so much is fixed anew from pay-day to pay-day per lineal 
metre of heading driven, the rate changing each month with the variation that may occur in 
the character of the rock. 

" Generally, the gang fixes the proportionate rates to be paid to the different workmen — 
miners, of course, being rated higher than helpers. Any surplus they may gain is then 
divided among them in proportion to these fixed rates. Sometimes, as in headings, a certain 
amount of work to be done in a certain period will be fixed, and then an extra quantity .will 
be paid for overwork done in the same period. The arrangement suits both contractors and 
men, it acting as a safeguard against laziness on the part of the latter." 

With regard to the system at Mont Cenis, Mr. Storrowf thus describes it as in vogue in 
1862, when he was there : 

*As to this comparison of the Belgian with the English system, perhaps a fuller review would show 
that Mr. Eauffmann's remark, though doubtless true in the direct sense in which he speaks, is not to be taken as 
of general application. The English system he has in view is simply the application of it to rock-work — i. e., 
driving first a bottom heading, breaking up into the roof at several places, and working the top down. But the 
distinctive features of the English system come into play in ground where the Belgian system is less applicable — 
tL«., in clayey soil, etc, where drawing-bars are used, and the method of enlarging and arching in connection 
therewith. 

f Report of Charles S. Btorrow on '* European Tunneling," embodied in Report of Massachusetts State Com- 
mifisioDem on Troy & Greenfield Railroad and Hoosac Tunnel, February 28th, 1863. 
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" . . . . Thus we have for a day's work at the heading : 

60 men (2 gangs of 30) at the machines. 

8 men and boys to load and blast. 

20 " " " to remove the debris, 

88 workmen. 

" These men are not eqnally paid. The prices range from 1.50 francs per day for boys 
to 5.50 for the best mechanics. The men who blast have four francs per day. Mr. Borelli 
thought the average price of the whole would be about 3.50 francs, or 70 cents per day. 

"It is a great object to induce these men to work as expeditiously as possible. In order 
to encourage them to do so, premiums are paid for extra speed. It has been stated that to 
drill the holes requires from five to seven hours. If the gang at the machines can complete 
the holes in less than six hours, they all receive as a gratuity one quarter of a day's wages — 
L e., they receive pay for one and one quarter days instead of one day. If the work is 
completed in less than five hours, they all receive one and one half day's wages. This has 
been accomplished, but it is a very rare occurrence. Energetic and rapid work, therefore, 
insures them fewer hours of labor and more pay. The completion of the task is the work 
for the day. At first a premium was paid on the advance of each machine. It was found 
that the men interfered with each other, every one driving his own machine, and, if need be, 
to the inconvenience of his neighbor. Now liio premium is for the whole gang. Therefore, 
every one is interested, not to hinder but to assist his neighbor ; and if an indolent or care- 
less workman is among them, his companions soon find him out. There is a similar system 
of premiums for extra rapidity in removing the materials after blasting ; but there is none 
for the men who blast. Their labor is not of long duration, and they are well paid. For 
them, a premium on speed would lead to haste, carelessness, and accident. As so much 
depends on tlie skill, assiduity, and co-operation of the workmen, this system of premiums 
seems to be very wisely adopted." 

Mr. Sopwith, in his paper on Mont Cenis Tunnel,* says, that in February, 1864, the 
premium was as follows, the standard being then 1 metre of lineal advance per day : 

For 1^ metres 1^ day's wages paid 

" 1 J. « 1 ^ « « << 

" ifV " !!.!!!!!!!!!!!!!!!.. ia " ' " 

. '' lA " u " " " 

The general rates of wages in Switzerland since 1870 (according to Mr. F. Einecker, 
Wiirzburg) have been : 



Foreman (or walking boss) 7.00 to 8.00 francs. 

Boss of Gang 5.50 

Miners 4.50 

mS^\ ■•*•»« 

Engine-drivers 4.00 

Firemen 3.80 

Laborers 2^80 

Boys 2.00 

Horses 5.00 

* ProoeediDgs, Institution of CSvil Engineers, vol. xxUi., p. 258. 
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Taking all circumstances into consideration, it is believed in Enrope that for hand-drill- 
inffy the dimensions of heading, giving the greatest economy in price with the greatest prog- 
ress possible, are : 

In soft ground about 6 x 6 f t. (1.80 x 1-80 m.) 

" very firm ground about 8 ft. 10 in. x 7 ft. 10 in. (2-70 x 2-40 m.) 

Thb Boetzbebo Tunnel. 

We are indebted to Mr. J. Kauffmann for the following prices paid at the Boetz- 
berg Tunnel, built 1871-'75, in the Swiss Jura Mountains, on the short line between B&le and 
Zurich. Mr. Kauffmann held the position of superintending and constructing engineer. The 
total length of the tunnel was 8288 ft. (2526 m.), the grade falling 0.8 ft. in 100, from 
north \o south. There was one shaft 472^ ft. (144 m.) deep. The material passed through 
comprised muschelkalk of irregular stratification, keuper, lias, Jurassic limestone, and 
very extensive beds of molasse marls (mergel). With a few exceptions, all tlie workings 
were almost dry. The main heading was driven at the bottom, and the English system of 
timbering with drawing-bars was used in enlarging and arching. This heading was 
driven 6.9 ft. (2.10 m.) high, 7.9 ft. (2.40 m.) wide in the clear at the top, and 8.9 ft. 
(2*70 m.) at the bottom. The work was all done by hand labor, with two men to a drill, the 
progress being from 1.6 to 3-9 ft. (0..50 to 1.20 m.) per 8-hour shift. The tunnel was 
arched throughout, the arch varying from 1-2 to 2.5 ft. (0.38 to 0-75 m.) thick. Tha abut- 
ments and about 4-9 ft. (1*5 m.) above springing line of the arch were of rough hammer- 
dressed rubble masonry ; the arch was of cut-stone, laid in the best hydraulic cement. There 
was no invert. 

All the work was done on the small contract system above noted, the work being let 
from time to time to separate gangs. For the running metre (3.281 feet) of heading, in- 
cluding transportation and the work of timbering (the timber was furnished to the gangs), 
the following prices were paid : 

In Molasse and Lias Marls 90 f r.* 

" Jurassic Limestone (no timbering) 110 " 

" Muschelkalk '' " 100 " 

'^ Very hard Limestone " " * 130 '^ 

The top heading was smaller and its prices correspondingly lower. The price for en- 
largement per running metre was from 250 to 290 francs. The tools were furnished by the 
company, and also all repairing was done by the company. The price per running metre for 
masonry (labor only) was 175 francs. At these prices, the miners and masons earned about 6 
francs per shift. The bottom heading, as noted above, was driven in 8-hour shifts, the 
remaining work in 10- and lO^-hour shifts. 

The whole tunnel, exclusive of permanent way (ballast and tracks), cost 1450 francs per 
running metre for construction. Adding salaries of engineers, etc., makes the total final cost 
1500 francs per metre, or, say, $88^3^/^ per running foot. 

*1 Franc = $0,194 gold. 
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PART VII. 

Tables showing Rate of Advance, etc., attained at the NESQCEHomNO, Mdsconetooko, 

HooSAC, ScTBO, Mont Cenis, and St. Gothaed Tunnels. 

NESQUEHOSINO TDNNEU 

TABLES OP PB00BS83, RATES OF DRILLING, AND POWDKK CSED. 
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TABLE 46. 
The Sutro -Tunnel.* — J2ate of Progress. 

(See p. 848 for drilling^ table, etc.) 



M0MTB8. 


1809. 


1870. 


1871. 


1872. 


1878. 


Feet. 


Metic«. 


Feet. 


Metres. 


Feet. 


Metres. 


Feet 


Metres. 


Feet. 


Metres. 


JaniUTj 

ir«<hmflrv 


• • ■ » 

254t 
80Gt 






801 

186 

95 

nor 

l:« 
157 
116 

82 
180 

10 

48 
65 


01-3 
41-4 
890 
33-5 
4M 
47-7 
85-3 
85- 1 
38-4 
5-8 

14-6 

19-8 


63 
39 
58 
85 
116 
185 
90 
96 
80 
53 

61 

93 


161 
11-9 
16- 1 
10-6 
35-3 
411 
30-8 
890 
24-5 
10-1 

180 

28-4 

278-8 


47 
TO 
89 
45 
45 
40 
40 
117 

la^ 

91 
91 
03 


14-8 
221 
8-8 
13-7 
13-7 
«-2 
1?8 

;. 

JtcO 
87-8 

87-8 

88-4 


00 
81 
181 
116 
114 
85 
100 
118 
128 
103 

\ 73 
180 


27-5 
24-8 


jMArch 


86-9 


Aiiril 


35-8 


Muy 


34-7 


Jfuiie 


26-0 


July 


83-8 


Aii*nii*t r-.T T 


85-9 


BeDtcinber 


87-5 


Ooober 


82-0 


November. t ....... ' t t - - - 


77-4 
688 


88-8 


T>eMllll>er — -r......... r-»-rr, 


80-8 






Total 


460 


140-8 


1290 


3030 


915 


815 


243-6 


18641 


886-4 


Best month .r.. ..,,.,. 


2M 


77-4 


801 


61-8 


185 


41-1 


117 


850 


189 


88-8 






Avcnffo monthly progwn* ..,,,..r.,..;^.... 


880 


70- 1 


107-5 


38-8 


76-8 


28-8 


67-9 


80-7 


105-8 


88-1 











Months. 


1874. 


i8n. 


1870. 


1877. 


1878. 


Feet. 


Metres. 


Feet. 


Metres. 


Feet. 


Metres 


Feet. 


Metres. 


Feet. 


Metres. 


Jannsry .* 

February 

Match 


134 
OS 
99 
136 
151 
194 
20s 
8U0 
310 
860 
870 
417 

2680 


408 
29 9 
30.2 
41.4 
40.8 
69.2 
(41.4 
91.4 
94.4 

109.0 
8-2.3 

127.2 


a30 

289 

314 

23!l 

800 

S58i 

338S 

8701 

820 

283 

833 

195 


100.0 

88 1 

05.0 

729 

04.1 

109.0 

109.0 

118 

09.3 

80.9 

102 

50.5 


800 
308 
800 
800 
883 
800 
901 
340 
32'i 
821 
813 
327 


91.4 
93.8 

109.0 
91.4 
80.2 
91.4 
01.3 

106.4 

100.2 
97.8 
95.0 

. 99.6 


888 
381 
807 
825 
877 
334 
848 
879 
116 
141 
821 
8S9 


118.3 
109.9 

03.1 

G8.6 

84.5 
101.8 
104.8 

85.0 

35.4 

4^.0 

07.4 

re.8** 


837 
810 
844 
838 
831 
193 
239 
879 

• • • • 

• • • • 

• • • • 

• • • 

1882 


72.4 
05.9 
74.5 


April 


TO.f 


May 


70.5 


Jane 


60.4 


July 


72.9 


Angnst 


K.8 


Senrrmber 




October '. 




November 




December 








Total 


810.0 


8738 


1130.0 


8070 
880 
806 


1118.0 


8130 


954.0 


574.4 






Beet month 


417 


127.8 


8301 


100.0 


109.6 


338 


118.3 


879 


85.8 






Avcraffo monthlv nrofixess ■ 


228.3 


08.1 


310.11 


M7 


93.8 


260.0 


79.5 


235.3 


71.8 







, AreA of tunnel driven ns follows : Novpmber, 1889, to April, 1870, inclasivc, 14' x lO' ; May, 1870, to March, 1874, 8' x 6' ; April, 
1874 to October, 1874, 8' x W ; November, 1874, to end of tunnel, 8' x lO' - 80 square feet, or 7.4 square metres. Hand labor from the 
beginning up to Mtirch, 1874, when two machine-drills started ; sub9equently the number was increased. 

t November progre^^B includes from October 19th to December 8<i ; December progress from December 3rl to 31st. 

X Tills 655 feet !•» total length of drifts run from bottom of shaft No. 1 either way ; they were begun August 14th, 1873, and connected 
with thi; main heading October 87th, 1873. 

\ Dties not include 635' drift work. 

\ These tiiree months embrace .360 feet of drift work from shaft No. 8, which had fallen in and had to be re-ezcnvated. 

1 Owing to reasons in noti« above, June, July, and August arc not considered. 

** On January 1st, 1878. the total number of feet driven - 1&607 ; total length of tunnel to proposed point of intersection with Savage 
Mine s 80,331 ; remaining distance to bo driven = 1744. The progress for September and October, 1877, wns rendered short by the biid 
ground encountered. The heading met the drift from the Savage Mine, July 8, 1878, at a total distance of 20,018 feet from the mouth of 

the tunnel. 
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TABLE 46i {Continued.) 

The Sutro Tunnel. — Aitalysis of Work in Main Tunnel, and in Horth and 
South Laterals. 





I Aim tD.g.). 
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h 




Boles 




jl 
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s. 
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4 

ll 


1 

fj 

1 


Katudi or OaorxD. 




£= 




1 

5 


■s 


II 


1 




1 
1 




1^ 




..'.r- 


850 « 
S8D 40 
SM G3 

23» 83 

3U n 

:f: 
q: 

3SA M 

105 M 

s s 

:: 

S4D 60 


M 
83 
SI 

81 

SO 

SO 

S3 
83 

B4 

sa 

83 




















C8 

74 

80 

78 


N 

44 

40 

40 

W 

67 
40 

134 


FaTOnble. 10 iDCh hhiiii 
























Feby... 


Very «el, HUldtn Influi of 






' 
















"73 




lT3o' lOflW 
1383 8«S8 

iT«o m& 
1094 son 

™'« 
'"1 •" 

Ml)' i»nr 


n.0B 


sifi 






.... 




is;".;: 

Juir..,. 

Sir: 

S" 


aronndKoflonedbywuer. 




r::: 




■ ttui.c. tmchyie. 
ConElomtraio .,t green- 

An(&I.|io and Comatock 

porpbyry. 
Porphyry, clay and quartz. 

Pon*yrlt(c alile. anarti, 

PorphyrWc i.|»ie, «>««* 

qiuii5i.cU,'' ' 

°"d,Sffi; '»"••"■ 

□rccnfloi.c, wiih clay 








g.n; 
0.0s 


1W3 


m 

70 
08 

oa 

CO 
88 


Good. wftrndTery mil.. . 
Fair, Uwn mR ud traicber 

sofirtEinhirfiDdfiir:::: 


D« 

f... 

April... 

■Knj..... 
JnDii... 


,=,.«',«;». 


V wet. 








ois' n*3 

im 8333 
l±i3 UTUI 

m irr 




.1 1 ,^ 


m 




8S 
S5 




8.00 


3O08ii!4sai7iran 

53U5 IOM|l«tt(,3m 


TO 






clay qiiani. 
UmcBlaiiv. greciutoiic, 


hS3. dry" *»d fidr, illlic 






84 


,;... 


IIB8 9K11 


8.11 


384S.«7W;3«3. 




K9 




Sept.... 
Oct 


311 63 

315 BS 

8271 40 
















80 
89 


™.... 

™i.... 


m^ '^ 


8. as 

7.50 




SB 


iOO 

18T 
IM 


First Bl feet coll, Ibeo Tpry 






1«7. 

Sg.:: 


Medium, «nd very KXl 


S2S 4T 


OS 
88 

80 


X'- 


13^.1 1^ 
130S| loaa 


-.18 




S 

04 


(8 
IIS 




Propylilc 
Pmpylltc. 

Black ptopylKle rein mat- 

£j. ""-"■•"•"- 

Andc^te : lut 17 days 
blrd'i-eye porphyry. 


°lv-".':.'"..":"",,°' 


Much.. 


70! 




aro wi 


1003 

ISW 


38111 


FlrM 1 lO feel clow timber 


April... 


t. 




F1r«b«lf doMtlmherlne- 
tawudBcDdverybird.. 


MV.... 


334' TO 


BO 


75 




DM 

loa 


SOBS 


z 


41 Da Hal 

348SIM3 


■« 


z 


47 
47 


83 

82 


Flnt bard, then good, bnt 
Very raTOCHble cronnd 


Jnlj.... 


M* 80 


90 


7B 




loia 


7817 


'.Ti 


»"'•" 


son 


1«B 


4; 


n 


Fair. 104 (eel limbering.... 


porphyry. 

with clay Kama anii 


Angnil. 


«» 87 


SO 


" 




n* 


lebi 


-.OS 




811 


issa 




« 


6» 


Fair, partly tlmbcreil-li"! 
week ■welliniF ErouDd. 
heaYTtlmbe^g*. 


Sopt.... 


iia ra 


00 












166 




i5:b 


m 


Bl 


00 


Swelllriirronnd.TeryheaYv 
IlmEerinn: •!««.- Htl. 
Sept. aniall Ml( driven 
■bead and enlHCBcd 


pockeu of fiood 
qoarla. 
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TABLE 46^. {Coidinued.) 



Month 
Enduto. 



1877. 
Ocr. .. 
Nov . . . 



Dec. 



1878. 
Jaujr 

Fcby ... 

M&rch.. . 

April... 
May.... 

June... 

Jnly.... 



Angast. 



§ 



Texfeka- 

TURE OF 

Air (Deg.)- 



2^ 



141 
821 

280 



237 

S16 

244 

2% 
231 

196 

239 

279 




O 

a 



60 

e 



4) 



s 



69 
49 


90 

94 


87 


94 


46 


96 


47 


05 


55 


98 


60 
65 


101 
100 


91 


101 


84 


101 


81 


96 






Holes. 






75 

72 100 



71 

71 

TO 

70 

TO 
70 

73 

73 

6S 



103 

109 

110 

109 
110 

110 

110 

108 



897 
5» 

583 



402 
555 

757 

656 
TO 

606 

670 

755 



a 



•a 



t 



ll 

o 

&4 



803 4.07 
8740 7.10 

42987.30 



83307.20 






m . ■m* ^ 



8J 
"85 



£'2 
•* 2 



s 
o 

t 

P 



11 

b 5 

A o 



681 873 1707i 683 
947 5171874 



11^0 



828 



610 



1058 



494 21M 



40S2|7.80; 10251 506 



I 



5535 7.20:2578 

45.VJ,7.00 1560 
5660,7.40 2077 



4802 7.50 



18S5 



897 1750 



668 
780 



1C22 635 



774 

1087 

761 

873 

1324 

970 



1714 
1653: 934 

I 
12901657 



63 
62 

52 



54 

56 

67 

58 
60 



4776 8.10 2398 700 1560,1411 



7230 9.80;2331 



a 
B 

o 
o 



53 

68 

63 



731 

89J 

89 

89 
89 



Nature of Ground. 



Charactkb of Bock. 



Clo«e timberiug. 
Timbering 



)■ Close tlmberioi;, little wa- 
ter 

Close timbering, then hard. 

Timbering, last TO feet hard. 
Mostly timbering 




Porphyry, with numy clay and 

qnartz scams. 
Decomposed porphyry, cUiy and 

quartz ifeams, grvenstono and 

andcsitc. 



Decomposed greenstone, many 
clay and qiuirtz senmx. 

First 115 feet decomposed porphy- 

I ' rv, then black andesite. 

Porphyry, clay and qnartz. 

Pon>hyry, clay and qnartz, ande- 

I site. 

Vein porphyry ; last 60 /eet black 
andesite. 

Qnartz containing silver and gold, 
andesite and porphyry. 

Vein matter. 



North Lateral Tunnel. 



1879. 
August. 

Sept 

Oct 

Nov 



uec. .... 

1880. 
Jany — 
Feby . . . 
March . . 
April.... 

May 

June.... 



July — 



August . 
Sept. 1 

to 
Oct 



>t.n 

t.4. ( 



313 79 

201 70 

310 60 

301 41 



802 

429 
808 
288 
291 
821 
4(>4 

304 



80 

36 
65 

45 
67 
66 
66 

87 



243 81 
808 77 



97 
94 
85 
90 
90 

90 

93 
91 
») 
90 
89 

02 

100 

99 



118 

112 

115 

117 

112 

111 
115 
114 
115 
llii 
118 

121 

116 

116 



691 



I 



104 580 

I 
79 229 

109 055 

83D 



105 



118 
115 
118 



044 
8»i 
577 
708 
768 

928 
777 
961 



5122 5.70 
45358.00 
15830.70 



4670 
6780 



Tin 

6967 
4!m 



7.00 
7.00 



2083 

1787 

S75 

1061 

1440 

2294 
3126 



737.1236 
579 1284 



8.0011525 
5440 8.00,2155 
6143 8.001710 



24; 



595 



5891290 



858 



1765 



10801981 

10501541 

645 1392 

825.178i 

8:)9 2011 



9612 8.00 4163 1282,1925 
7434 8.00'S248 9791520 



7.75 ai95, 940 

7708 8.00 8476,1115 



:57I 
1606 



1501 

1858 

£48 

906 

2127 

1320{ 
138S 
2468 
2663 
1624 
1803 

8105 

2114 

2085 



66 

47 

40 

46 

52 

60 
64 
67 
44 
62 
56 

48 

49 



160 

160 

175 
176 
185 
217 
206 
243 

214 

214 



44 223 



Hard— very hard— good Porphyry, andesite, vein porphyry 

with day and qnartz seams. 
Hard — very hard— good— Porphry, andesite, vein poiphyiy, 

del * 



hard 
Verv hard, good, soft, tim- 

Dering. 

Soft, timoering, wet, then 

good 

Good 

Good, timbering 



Ik 
k« 
tt 



Ik 
kt 



Good. 



andesite. 

Porphyry, vein porphyry. 

Vein porphyry, propyllte. 
Porphyry, quartz ana clay, propy- 
llte, andesite. 
Vein porphyry. 



it 
k» 



tt 
tt 
tt 
tt 



Vein porphyry, with clay and 

qnartz seams. 
Vein porphyry, with clay and 

qnartz seams. 
Vein porphyry, with clay and 

quartz scams. 
Vein porphjTy, with clay and 

qnartz seams. 



South Lateral Tunnel. 



1878. 
Sept .... 

Oct 

Nov .... 
Dec .... 

1879. 

Jany. . . . 
At dif- 
ferent 

periods. 

Nov 

Due. (26) 
li>80. 

Jany. . . 
Ft-by., 

11 days 



276 
809 
296 
2»7 



218 



108 
262 

184 



69 
64 
5*i 
45 



61 



41 
36 



236] 86 
66 



May(25i) 815 



Juno (25) 
July j. 

Aug. (11) 
Sept. f 

^ <«*) s 
Oct 



Nov 



216 



208 


66 


120 


87 


59 


• • ■ • 


242 


77 


801 


67 



60 



95 

99 

99 

1(B 



108 



94 
97 

95 

100 
91 



105 
07 
96 
97 

100 



71 


106 


71 


111 


70 


110 


70 


118 


70 


115 


in 


• ■ • • 


112 


■ • • 


111 

• • « 


117 

....1 



720 
817 
817 
804 



566 



73fc 
45£ 

5a: 
in 

116 .... 781 



118 
121 



122 



116 123 
117: 115 

118 121 



441 
332 
194 
607 
799 



63&5 
8050 
7!I01 
7:108 



4876 



4487 
2778 

3808 



6.601778 
9.80 2766 
9.60 2953 
9.80 3409 



8.601969 



6.00 
5.80 

0.50 



l(m 6.20 
5310 6.50 



8829 7.00 
21007.50 
13400.50 
42517.00 
65217.00 



438 a09U|6.80 



1635 
689 

1341 

306 
2U88 



661 
566 

507 
1205 
1856 

1287 



807 
959 
929 
BOO 



685 



801 
457 

636 

174 
816 



472 
316 



576 
833 

489 



1736'1806 
194i):]828 
1825 1664 



1834 



1869 



53 
63 
68 
67 



14281459 66 



1191 
1166 

1079 



860 
996 

928 



546 335 
1934 876 



40 
52 

60 



74 
74 
74 
74 



169 

169 

175 



56 

51 806 



1748 
1071 



874 
496 



606, 499 
1629 337 
2061 999 

1606 1356 



62 
61 



248 
214 
62 214 
56 223 

211 



65 
54 



212 



Hard, firsts days hand labor. | Porphyry, and 8 ft. quartz vein. 

Good [Porphyry. 

Soft IPorphyry. with clay and qnartz. 

Soft 'First 15 days poipnyry and ande- 
site, then vein porphyry. 



Soft. 



Timbered, wet 
Soft, swelling . 



Fair, 20 feet swelling. 



Good 

First swelling, then very 
favorable, progress in 
oue week 148 fevt 



Vein porphyry. 



Vein porph., and 8 in. qnartz vein. 
Vein porphyry. 

Vein porphyry. 



tt 



tt 



Swelling, timbering 



tt 



*t 



ti 



«t 



*t 



Swelling. 



Swelling, heaviest ground 
encountered 



One half vein porphyrr, with clay 
and quartz, one liaif propyllte. 
Vein porphyry. 



t« 
«t 
tt 



tt 
tt 



Porphyry and andesite bowlders, 
imbedded in clay. 

Porphyry and andeaite bowlders, 
imbedded in clay. 
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PBOQBEaS TABLES. 



TABLE 47. 

TfiE BoTHBCHdNBERO Adit AT FsEiBERO. — Rote of Progress per Year hf Hand Labor 

with Black Powder.^ {Before Mezger^a Contract) 







■>/«V1 


TH. 


FIRST AIB-8HAFr. 


BXCOND ▲ni'eilAFT. 


THIRD AIR-SHAFT. 


FOUBTR AXB-4HAFT. 






North-cart. 


South-west. 


North-eai!t. 


Sonth-west. 


North -cait. 


Soath-west 


North-cast. 


Sooth-west. 




FeeL 


Jftra. 


Feet. 


Mtrs. 


Feet. 


Mtrs. 


Feet. 


Mtrs. 


Feet. 


Mtrs. 


Feet. 


Mtrs. 


Feet. 


Mtrs. 


Feet 


Mtrs. 


Feet. 


Mtrs. 


1817 


089-0 
282-4 
354-8 
347-7 
864-1 
252-6 
2701 
298-8 
86^-5 
295-5 
818-5 
887-9 
£818 
288*4 

asiio 

8H8-6 
188-R 


810 

86 

108 

106 

111 

77 

86 

01 

80 

90 

97 

103 

101 

88 

88 

119 

56 

60 

m » m m 

• a a a 

• aaa 
■ • fl 
aaaa 
aaaa 
aaa* 
aaaa 

• aaa 


124-6 
104-9 
187-9 
2T9-1 
82*8 

78-7 

aaaa 


88 
82 
89 
»S 
10 

aaaa 
a * • a 
aaaa 
aaaa 

• a a a 
m » w 

a a a 
aaaa 
m m m m 
aaa 
aaaa 

• • a a 

24 

aaaa 

• a a a 

a a * 
aaaa 

• • a a 
aaaa 
aaaa 
aaaa 
aaaa 


85-3 
39-8 

aaaa 
aaaa 
aaaa 
m m • * 

15(')-9 
50-0 


m » • • 

26 
18 

aaaa 

aaaa 
aaaa 

48' 

IH 


aaa* 
m m m », 

6-6 
1T6-2 
834-7 
282-4 
285*7 
321*8 
246-0 

72-1 
8297 
2100 

91-9 

aaaa 

aaaa 
aaaa 
9 • • • 

aaa 
a a • a 
aaaa 
aaaa 
aaaa 
« a a a 
a a a a 
aaaa 
aaaa 
aaaa 


aaa* 
aaa* 

8 

64 
102 
86 
87 
08 
73 
72 
70 
64 
28 

aaaa 

• a a a 

• a • a 

aaaa 
m m m » 
aaaa 
aaaa 
aaaa 
aaaa 

• a a a 

• •mm 
aaaa 
a a a • 

• m • 


■ • > ■ 
• • ■ ■ 
.... 
181-8 
2601 
275-4 
828-1 
854-8 
167-3 
1739 

aaaa 

82-8 

aaaa 
a a • a 
aaaa 
aaaa 
aaaa 
aaaa 
aaaa 
aaaa 
aaaa 

1(57*3 
229-7 
239-5 
847-7 
118-1 

3003 


aaaa 
aaaa 
aaaa 

40 

82 

S4 

104 

100 

108 

61 

aaaa 

10 

a a a a 

61' 
70 
T3 
106 
86 




ia' 


89-3 
160-9 
157-5 
196-9 
203-5 
887-9 
200-2 
203-5 

72-8 

• a a a 

• a a a 
aaaa 

86-1 

• a • 
aaa* 


• a a ■ 

is" 

46 
48 
60 
02 
108 
61 
68 
82 

aaaa 
a a a • 
a a a a 
aaaa 

11 

aaaa 
aaaa 


aaaa 

89-8 
828-1 
886-8 
184*6 
1729 
2264 
810-0 
216*6 
206-7 
272*1 
190-4 
187-9 
121*8 
157-5 
170*6 
144-8 
181-2 
160-9 
187-8 
216*6 
147*6 
ira-9 
255-9 

aaaa 

a a a a 
m * m m 


m m 4 m 

12 
68 
73 
88 
53 
69 
64 
GO 
03 
83 
58 
89 
87 
43 
52 
44 
40 
40 
48 
06 
45 
68 
78 

• •mm 
aaaa 
aaaa 


• • m • 

89*8 

91-9 

7S-2 

91-9 

69-0 

196*9 

809-1 

183-8 

816*6 

118*0 

184-G 

131-2 

104-9 

196-9 

89-8 

88-8 

173-9 

157-5 

96-1 

101-7 

36-0 

8-8 

^6 

808*4 

289-5 

62-8 




184S 


• • • a 
aaaa 

a a a a 
aaaa 

aaaa 

.... 

■ a a ■ 

• a a a 

• a a a 

89-8 


• aaa 

19 


1849 


28 
ss 


1830 


1851 


&a 


1852 

JOvO aa aaaasaaaaa 

1854 


18 
CO 
88 


1855 


60 


1851$ 


60 


1857 

1858 


13 1 4 
G5-6 90 


80 

£8 


1859 


2824 
236-4 
262-5 
811-9 
360-8 
821-8 
249-3 
3281 
808-7 
177-2 

• • • 

'6*6 

a a a • 

• • a 


86 
69 
80 
95 

110 
08 
76 

100 
94 
61 

• aaa 

• aaa 

2 

• aaa 
aaaa 


177-2 K4 


40 


JODU aaaaaaa a a-'a 

1861 

im-i 

1863.... 


1700 
2100 
2493 
811 -9 
292-0 
1706 
1180 

aaaa 
m • 9 * 
aaaa 

19-7 
286-2 
2»-7 
103-2 


63 
04 
76 
96 
69 
63 
86 

• aaa 

aaaa 
aaaa 


72 
TO 
83 


83 
60 
12 
10 


1864 


1( 


i4l 


63 


1865 


48 


1866 

1887 


29 
81 


1868 

1869 


11. 
1 


1870.. 

1871 


83 

63 


1872 

1873 


78 

19 


Total 


67^ 


1744 


748 


228 


8256 


992 


%42l 


788 


916 


2338 


711 il596 


487 


4096 


1880 


3117 


950 






Best year 


894 


119 


879 


85 


861 


110 


886 


102 


888 


104 


318 


95 838 


103 


256 


78 


260 


83 






Average 


aiR 


97 


124-7 


88 


191-5 


6S-8 


220-1 


07-1 


230-9 


70-4 


170. R 


54-7 1K0-R 


48-7 


1755 


53*5 


119*9 


86-5 





















FIFTH AIR-SHAFT 


■ 
• 




SIXTH 


AIR-SHAFT 


■ 


SETBMTH 


AIR-SHAFT. 


AUXILIART 




North-east. 


8on(fa 


-west 


North-east. 


Sonth-west. 


« 

North-east. 


South-west 


SHAFT. 




Feet 


Mtrs. 


Feet. 


Metres. 


Feel 


\. Metr 


Bs» Feet 


Metres. 


Feet 


Metres. 


Feet 


Metres. 


Feet 


Meti«s. 


1847 


a a • • 
a a a a 

18* 1 

26-2 

96*4 

60-0 

124-6 

187-8 

1180 

249-3 

144-3 

98-4 

19-7 

78-6 

65-6 

85-8 

124-6 

170-6 

137*8 

69-0 

aaaa 

78*6 
131 
59*0 
813-8 
208-4 
65-7 


aaaa 
• a a a 

4 
8 
80 
18 
38 
43 
86 

84 

20 
2(i 
88 
63 




• aaa 

• * a a 

80 
54 
80 
05 
80 
97 

64 
GG 
34 
26 
06 
84 
42 
64 
C8 
GO 
34 
8 

TO ' 
GO 
53 
57 
56 
19 


'9-( 

48-( 

G5-( 

144-] 

800-( 

68-1 

206-' 

259-1 

69*( 


J '8 
} 13 
S 20 
) 44 
) 61 
) 81 
r 63 
I 79 
} 18 


.... 

45-9 
111-5 
190*4 
2380 
200-0 
206-7 
844-4 
838-1 


14* 
84 
58 
71 
61 
68 
105 
100 


• a a a 
aaaa 

91-9 
124-6 
879-1 
200-0 
1-37-8 
276-8 
2r3-6 
2:i2 6 
170-6 

26-8 

aaaa 
aaa* 
aaaa 

127-9 
1213 

590 

1180 

131-8 

3-8 

197 
2460 
255*9 
193*6 
206*7 
250-8 


aaaa 
a ■ 'a a 

28 
88 
86 
01 
43 
84 
83 
77 
63 
8 

m m m • 
a • a a 

m * • ■ 

89 
87 
18 
86 
40 
1 
6 
75 
78 
59 
68 
79 


• a a a 

aaa 
m * m m 
aaaa 

9-8 

aaaa 
aaaa 
aaaa 

aaaa 
aaaa 

03-8 
131 

aaaa 
aaaa 

aaaa 

131-8 

lTO-6 

755 

60-0 

101*7 

6-6 

'aaaa 

65-6 
184-6 
114*7 
179-6 
218-3 


• aaa 

• •mm 

• a a a 

• • » • 

8 

• • • a 
a a • • 

■ a a a 
aaaa 
aaaa 

19 
4 

aaaa 

• a a ■ 

• •mm 

40 
53 
28 
18 
81 
8 

• a a a 

80 
88 
85 
55 
65 


06*4 
53-6 
118-0 
91-9 
6*0 
18*3 
01-9 
06-2 

a a • • 
• • a • 
■ a a a 




1^18 


a a » 

98 
177 
263 
218 
883 
818 
269 
810 
216 
111 

85 
216 

78 
137 
177 
190 


a 

4 
2 
5 
8 
-4 
5 
•1 

6 
5 
8 
6 
6 
8 
8 
4 
9 
6 
8 
7 
4 
9 
1 
6 
8 




1849 




1850 




1851 




1852 




1858 




1864 




1855 




1856 




1857 




1858 




1850 




I860 




1861 

1853 




1863 


80 


1864 


16 


1865 


43 f 196 


86 


1888 

1867 

1863 


18 

• aaa 

24 

4 
18 
06 
62 
17 


111 
9 
229 
226 
173 
187 
816 
63 


88 
2 

4 


1889 


S8 


1870 


89 


1871 




1878 




1873 


• •mm 


Total 


2485 


742 


4436 


1849 


iai6 


1 828 


1660 


506 


&573 


1089 


1889 


405 


668 


178 


'Best year 


849 


76 


818 


97 


259 


79 


844 


105 


275 


84 


818 


65 


118 


86 






Average 


101*6 


80-9 


184-5 


66*8 


H7*J 


S 85 


•8 207-5 


63-25 


168-4 


49-5 


94-9 


28-9 


71 


81*6 











* This table Is onlyg^lvenin contrast to tha' of the SntroTnnnel. where it will be seen that machine-drills and dyoamite have 
afforded an average progress per momM greater than t hat obtained at KothschOnbeig jmt yior. (See p. 375.) 



THE MONT GENI8 TUNNEL. 
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PSOGSESS TABLES. 



TABLE 49. 
St. Gothaed Tunnel. — Progress of Heading.* 







187TJ. 


1872. 


1878. 


1873. 


1874. 


1874. 


1875. 


1875. 


1876. 


1870. 


MONTBS. 


• 

s 

1 


• 

o 
2 
< 


• 

e 


■ 

e 

' 2 

< 


a 

B 

1 


• 

o 

1 

< 


J 


d 

2 

-< 


• 

c 

1 


• 

o 

2 
< 


• 

g 

a 
o 

XX 


m 

o 

"o 

u 

< 


i 
1 


• 

o 

2 

< 


i 


i 

• 

o 
2 
< 


• 

s 
g 

1 
C5 


• 

o 
2 
< 


• 

c 

s 
o 

•g 

OB 

o 

O 


• 

o 
2 
< 




Feet. 


Metres. 


Feet. 


Metres. 


Feet. 


Metres. 


Feet 


Metres. 


Feet. 


Metres. 


Januar 
Febriia 
March 
April . 
May.. 


Y 




94.2t 

129.8t 

57.7t 

62.6t 




• « • • 

28;7t 
39.4t 
17.6t 
16 .(H 


69.2t 
67.8t 
87.r,t 
9JI.7 
139.4 
157.7 
167.8 
218.5 
164.7 
22».7 
246.1 
^9.9 


78.lt 
59.4t 
70.5t 
89.4 
78.8t 
64. 3^ 
155.4 
292.5 
197.5 
196 9 
167.6 
226.4 


21.lt 

20.5t 

26.7t 

30.4 

42.5 

48.1 

51.0 

66.6 

no.2 

70.0 
76.0 
79.2 


23.8t 

18.lt 

21. 5t 

12.0 

22.5t 

19.6t 

47.4 

89.1 

60.2 

(iO.O 

61.1 

69.0 


286.3 
215.9 
269.4 
191.6 
S69.1 
2:«.7 
811.7 
898.7 
355.0 
871.1 
274.7 
283 8 


169.6 
161.5 
207.5 
I7l».4 
147.0 
207.2 
203.5 
19(i.2 
lfi8.fl 
240.9 
277.7 
283 5 


72.r 

65.8 

82.1 

58.4 

82.0 

70.3 

95.0 

120.0 

108.2 

113.1 

83.7 

86.5 


61.7 
55.8 
63.2 
61.9 
44.8 
63.1 
62.0 
59.8 
61.2 
7B.4 
84.0 
66.4 


803.8 
2^2.8 
802.2 
S».2 
879.0 
825.8 
872.0 
893.4 
413.1 
418.7 
220.5 
129.0 


832.7 
831.4 
284.4 
420.0 
831.4 
377.3 
417.4 
814.3 
888.7 
381.8 
298.6 
295.8 


92.6 

83.1 

92.1 

97.8 

115.5 

99.3 

113.4 

119.9 

125.9 

127.6 

67.2 

89.8 


101.4 
101.0 

86.7 
128.0 
101.0 
115.0 
1*7.2 

96.8 
103.2 
116.2 

90.1 

90.0 


106.6 
152.8 
247.7 
878.4 
861.2 
814.0 
847.7 
486.4 
229.7 
273.4 
220.6 
263.3 


898.0 
292.0 
249.7 
2U8.8 
192.3 
132.0 
170.6 
2^3.8 
831.4 
883.9 
944.5 
372.7 


82.5 

46.6 

73.5 

113.6 

110.1 

9S.7 

106.0 

133.0 

70.0 

81.8 

67.2 

72.0 


121.3 


TV 




"a. 

14. 


8t 

1 + 


89.0 






76.1 






63.G 






58 


June.. 
Julv.. 






40 4 






62.0 


t^cptcni 
Ociobe 
Nuvem 
I>ccein] 






83.0 


iber 




101.0 


r 




117.0 


bcr 


is.'it 
46.;^^ 


105.0 


bcr 


118 6 














rOno end 


63.0 


888.7 


16.9 


101.7 


1907.1 


1021. 8 


581.3 


494.3 


8403.0 2453.0 


1087.1 


747.4 


3A50.54119.8 


1173.5 1255.6 


3299.7 


3346.8 


1 
1005 7 1020 


Total ■ 


Both ends 






895.7 


121 


3.0 


SS28.9 


1073.6 


5856.0 


1784.5 


7970.3 


2429.1 


6648!5 


2026.8 


Bcstm 


ODth 


46.8 129.3 


14.1 


80.4 
£5.4 


250.9 


815.0 


T9.2 


90.0 
41.2 


806.7 


283.5 


120.0 


8G.4 


418.7 
820.0 


420.0 
848.8 


127.C 


128.0 


436.4 


396.0 


is-j.o 


121.8 






Average monthly progress 


81.0 


88.4 


9. 


45 


158.92 135.1 


48.5 


268.0 


204.4 


86.4 


62.3 


97.8 


104.7 


S«&.0 


279.1 


63.6 


K>.0 





• 


1377. 


1877. 


1878. 


1878. 


1879. 

■ 


1879. 


1880. 


1880. 


Months. 


• 

s 


• 

o 


• 

a 

s 


d 
2 


• 

1 


■ 

o 

1 

< 


• 

1 


• 

o 


1 
1 


d 
2 


1 


• 

o 
2 

< 


m 

§ 
1 


d 

2 
< 


• 

§ 
s 

s 


• 

o 
2 
< 




Feet 


Met 


ires. 


Feet. 


Metres 


Feet. 


Metres. 


Feet. 


Metres. 


Jaouar 
Febnia 
March 
April . 


• 

y 


288.7 
221.5 
420.0 
828.1 
874.0 
428.2 
- 426.5 
811.7 
423.2 
837.0 
246.1 
2;J6.2 


819.6 
21(1.8 
246.4 
877.6 
841.9 
292.3 
214.2 
849.1 
257.9 
848.7 
119.4 
132.2 


RR.O 

67.5 

128.0 

100.0 

114.0 

129.0 

130.0 

95.0 

129.0 

108.0 

75.0 

7^2.0 


97.4 
79.8 
73.1 

115.1 

104.2 
89.1 
63.3 

106.4 
76».6 

106.3 
36.4 
40.8 


246.1 
262.5 
272.3 
400.8 
880.6 
406.8 
486.4 
861.1 
252.6 
479.0 
887.1 
420.0 


173.8 

116.8 

124.8 

280.2 

470.8 

844.5 

418.0 1 

663.8 

405.2 

409.4 

824.8 

401.2 


75.0 

80.0 

88.0 

123.0 

110.0 

124.0 

188 

107.0 

77.0 

146.0 

118.0 

128.0 


63.6 

85.6 

87.9 

85.4 

14-1.5 

106.0 

127.6 

171.7 

1-23.5 

124.8 

99.0 

122.8 


860.9 
860.9 
898.7 
877.8 
428.2 
315.0 
824.8 
879.8 
27B.9 
420.0 
134.4 
91.9 


266.7 
KiO.6 
221.8 
445.5 
887.9 
823.2 
857.6 
311.3 
SC6.1 
822.8 
837.3 
398.9 


110.0 

110.0 

120.0 

115.0 

129.0 

96.0 

09.0 

115.0 

85.0 

128.0 

41.0 

S8.0 


81.3 

51.7 

lii7.6 

185.M 

1C9.6 

C8.5 

108.0 

04.9 

93.3 

08.4 

102.8 

121.6 


821.6 
378.0t 

• • • • 

• • ■ • 

■ • • • 

• • • • 

• ■ • • 

• • • • 

• • • • 

• ■ ■ • 

• • • ■ 

• • • • 


2S6.5 
V85.ll 


96.0 

118.7? 

• a • • 
■ • • « 

• • • ■ 

• • • • 

A • • • 

• ■ • • 

• • • • 

• • • • 

• ■ • ■ 

• • • « 


76.8 


ry 


86. 9t 














May ...'.'. \.\....\. 




June 




July 




August 
Sepiem 
Octobc 
Novom 
Decern 






bcr 




r 




bcr 




ber 












r One end 


4087.1 


3261.1 


1230.5 


994.0 


4294.8 


4064.9 


1809.O 


1229.9 


8S60.8 


3800.7 


1176.0 


1158.5 


G94.5 


643.6 


211.7 


1C5.7 


Total • 


'Both ends 






729 


6.2 


2224.6 


832 


9.7 


2588.9 


7661.0 


2884.5 


1288.1 


877.4 


Bcstm 


onth 


428.5 


377.6 


130.0 


115.1 


479.0 


668.3 


146.0 


171.7 


423.2 


445.5 


129.0 


135.8 


879.0 


285.1 


113.7 


eo.g 






Average monthly progress 


834.8 


271.8 


109.5 


83.8 


867.9 


886.2 


109.1 


102.4 


821.7 


816.7 


C8.0 


C6.5 


847.2 


271.8 


105.8 


£2.8 



* Area of the St. Qotfaaid beading has been. generally a little over 6 square metres : say 6.25 square metres, or 2.6 m. high, by 2.5 m. Mridc (6' ^H" aqucrc 
metres, ex 67^ square feet). t Hand-drilltng. % Pierced February 29, 1860. 
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PBOOBEBa TABLES. 



TABLE 61. 

St. GoTiiAED Tunnel — Goeschenen End. 

Machine-DriUing Jiecord.^' 

1873. 







Jan. 


Feb. 


March. 


April. 


May. 


June. 


July. 


Aug. 


Sept ' Oct, 


Nov. 


Dec. 


Rock-Drill Used. 


Dubois and Francis— McKean and Sommcillcr. 


1. Number of boring Attacks 


• ■ • • • • • • 




51 


58 


66 


70 


88 


77 


75 


85 


2. Averago timo for drill-work pro- 
Dcr. in ono attackt 


■ a • • 


• • • • 


• • ■ • 


8-42 


R-40 


8-16 


6-43 


6-41 


7-09 


6-08 


4-30 


4-40 








8. Average time for blasting and 
clearing in ono attackt 


• ••» 1 •«•• 


• • • • 




8-38 


5-54 


5-41 


5-08 


&-02 


5-13 


4-13 


4Ua 


8-50 












1 




4. Total time for one boring attackt. 


«••• 1 •■■• 


• • ■ • 




17-20 


14-82 , 18-67 


11-61 


10-43 


12-22 


9-21 


9-16 8-80 


6. Number of holes drilled during 
month 


• • • • 


• • • • 


• • • ■ 




1006 


1389 


1387 


1477 


1881 


1535 1819 


1800 


2040 










0. Average number of holes drilled 
per attack 


• •«• •••■ 


• • ■ • 




29-62 


27-24 


26-67 


26-37 


2687 


26-47 


2302 


2400 


24-00 






7. Total cngth of all holes drilled 
durine month 


Feet 

Mclrcs.! 


• • ■ • 

• • • • 




8747-0 
1142-0 


4410-0 
13440 


46950 
1431 


4761-0 
1451 4 


619-10 
1886-5 


5036-0 
1585 


6B750 65600 6684-0 
1820-8 2002-4 2083-2 






8. Average total length of holes In 
ono attackt 


Feet 

Metres 


• • • • 

• ■ • • 




101-2 
30-87 


861 
26-35 


00-3 
27-62 


860 
25-91 


881 
2695 


86-4 
26-47 


78-6 
23-05 


87-8 
26-70 


80-4 

:m-51 




1 






0. Average length of Mnglo holoji 
drilled duriug month§ 


Feet. 
Metre9. 


• • • • 


« • • • 
■ • • • 




8-42 
1042 


318 
0-9(i6 


8-39 
1032 


3-21 
0-963 


8-29 
1-003 


3-28 
1000 


8-28 
1001 


8-65 1 3 33 
1-113 1 1-081 








1 


Iv/. Sum of averaze single lengths of 
boro-holcs for all attacks in the 
monthi 


Feet. 
Metres. 


• • • ■ 

• ■ • • 


» • • » 
• • • • 




126-8 
28-65 


161-0 
49-37 


1760 
68-66 


180-6 
66-05 


230-4 
7021 


190-8 
5800 


252-9 
77-08 


2».7 
83-40 


284-7 
86-78 






11. Number of machines sent to re- 
pair-shops 


• • • • 


• « • • 


« • ■ ■ 




36 


1 
01 1 C4 


64 


125 


145 


l.>« 


163 


224 














12. Average lineal advance of heading 
per attack^ 


Feet. 
Metres. 


... ' - - - 




25 
•82 


2-71 
•88 


3-01 
-02 


2-98 
•91 


3-11 
-95 


2-81 
•86 


296 
•91 


8-28 
1-00 


302 

•92 











1874. 



• 




Jan. 


Feb. 


March. 


April. 

* 


May. 


June. 


July. 


Aug. 


Sept 


Oct 


Nov. 


Dec. 


RocK-Diinx Usxi>. 




Same 

and 

Ferronx 


Dubois and Francois. 


Same 

and 

Ferroux. 


Ferroux. 


1. Nomber of boring attacks 




76 


74 


85 


67 


69 F. 
22 D-F. 


78 


91 1 109 

1 


102 


115 


84 00 


2. Average time for drill-work pro- 
per In ono attackt 




4-48 


6-08 


5-04 


6-05 


4-51 F. 
4^F. 


^-27 


4-63 


3-27 


3-41 


3-21 


4-27 


6-07 










8. Average timo for blasting and 
clearing in one attackt 




3-42 


3-58 


8-37 


3-29 


8-21 F. 
8-21 D-F. 


8-25 


3-18 


3-20 


3-17 


8-08 


»-fl7 


8-08 


4; Total timet for ono borhig attack. 




S-92 


9-06 
1775 


&-41 

1 


9-34 


8-12 F. 
8-00 D-F. 


8^52 


8-11 


6-47 


e-68 


0-29 


7-84 


8-15 


6. Number of holes drilled during 
month 




1824 


2023 


1607 


1654 F. 
628 D-F. 


1968 


2208 


£211 


1937 


2308 


1684 


1088 


^ 




0. Avenge number of holes drilled 
per attack 




2400 


2399 


23-80 


23-98 


28-97F. 
2400 D-F. 


25-23 


24-21 


20-28 


10-34 


20-02 


2006 


21-63 








7. Total length of all holes drilled 
daring month 


Feet 
Metres. 


6081-0 
1838-0 


60980 
1828-0 


6972^0 
21250 


5867-0 
1636-0 


6441 OF. 
16600 F. 
1782-0 D-F. 
6280 D-F. 


6517-0 
1986-0 


8324-0 
25370 


88060 
26840 


76160 
2821 


81140 
24780 


1956-0 
1815-0 


6772-0 




2064-0 


8. Average total length cf holes in 
oneattackt 


Feet. 
Metres. 


79-4 
24- 19 


80-8 
24-66 


82-00 
24-99 


80-0 
24-41 


78-7 F. 
24-04 F. 
787 D-F. 
24-00 D-F. 


88-5 
25-45 


90-9 
27-88 


80-7 
24*62 


745 
22-75 


70-6 
21-50 


70-8 
21-61 


77-1 




22-93 


0. Average length of single holes 
drilled duxing month§ 


Feet 

^^ A. 


8-31 
1008 


387 
1028 


3-45 
1-050 


3-33 
1-018 


8-20 F. 
1-003F. 
3-28 D-F. 
1000 D-F. 


3-31 
1009 


3-77 
1162 


308 
1-214 


376 
1-167 


8-68 . 
1074 


3-54 

1-07B 


3-49 




Metres. 


1-065 


10. Sum of average single lengths of 
bore-holes for all attacks in the 
monthj 


Feet 
Metres. 


249-5 
76 01 


249-6 
78-07 


292-6 
89-25 


228-7 
G8-20 


227- 1 F. 
68-20 F. 
72- 1 D-F. 
22-00 D-F. 


257-8 
7860 


• 

3450 
1049 


438-3 
1330 


394-0 
120-1 


406-1 
123-7 


298-4 
89-50 


314-0 
05-70 






11. Number of machines sent to re- 
pair-shops 


• • 1 


168 


196 


182 


113 


64 F. 
86 D-F. 


04 


114 


74 


78 


79 


75 


76 


12. Average lineal advance of beading 
pcrattack^ 












Feet. 
Metres. 


2-91 
•88 


2-94 
-89 


308 
•96 


2-88 

87 

1 


-84 D-F. 
2 74 D-F. 
301 F. 

•92 F. 


2-91 
*88 


3-29 

104 ! 

1 


3-31 
11 


8-30 1 3-28 ' 8-28 

100 1 1^00 -OS 

1 


2-78 
•85 



* These flgores are from the " Geschftftsberichten der Direktion und des Verwaltangsrathes der Gotthardtbahn/* for 1878, 1874, 1878; and 1876. 
(Also see reviaed tables in Rziha^a ** Eisenbahn- Unter- and Oberbau," Vienna, 1876.) 
t In hoars and minntes. 

f These flgnres are obtained by dividing the metres in lino 7 by flgores in line i. 
Obtatnea by dividing metzca in line 7 by figures in line 5 
Obtained by multiplying metres in line U by flgores in line 1. 
Y Obtained bv dlTidiqg the monthly advance (in Table 49) by the figoros in line 1 of this Table. By comparing this line (IS) with the avwage 
lengtha of single boles Qine 0), it will be seen that the average advance per attack is, in general, nearly equal to the average length of hole. 
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TABLE 61. (Continued). 
1875. 



Jan. 



Feb. 



Mar. 



Apr. 



May. 



June. 



Jolj. 



Aag. Sept 



Oct 



Nov. 



Dec 



Bock-Dbii.i. Used. 














Ferroux 


• 












1. Namber of boring attacks 


• • • • 


94 


83 


90 


03 


109 


04 


103 


105 


109 


106 ' 67 


85 


8. Averase time for drill-work pro- 
Derln one attack* 


• • • ■ 


\-S2 


4-47 


6-00 


4^85 


8-15 


4-25 


&45 


3-39 


3-81 8-12 4-20 8-&4 








1 1 


8. Average time for bUtfting and 
clearlnsr in one attack* 


■ ■ • • 


3-17 


a-18 


8-lG 


3-08 


3-00 


8-10 


8-10 


3-08 


8-08 


8-16 


4-21 C-17 






» ( 


4. Total time for one boring attack.* 


• • « • 


7-49 


8-05 


8-16 


7-43 


6-21 1 7-41 j 6-65 


6-41 


6^20 


6-23 


8-41 i^ll 


6. Number of holes drilled daring 
montti 


■ • • • 


1987 


1678 


1811 1850 


1993, 


1773 


1844 


1773 


i9se 


1661 


827 


863 






6. Average number of holes drilled 
per attack 


• ■ • « 


21-14 


20-22 


80-18 


19. S9 


18-28 


1886 


1790 


16-89 


16-07 


15-57 


18-84 


10-60 










7. ToXai length of all holes drilled 
durins month 


Feet 
Metres. 


00160 
21170 


5893-0 
17M6-0 


6827-0 
8061 


0998-0 
2133-0 


7648-0 
2381-0 


66600 
2030-0 


7192 
2102-0 


69170 
2106-0 


08970 
21020 


6550-0 
1996-0 


8750-0 
8380 


878-0 
800-0 




i 




8. Average total length of holes in 
one attackt 


Feet 
Metres. 


73-7 
2252 


70-8 
21-64 


73-7 
23*12 


75-1 
22-94 


70-1 
21-80 


708 
21-60 


60-8 
21-28 


65-0 
8008 


03-8 

10-88 


61-8 
18-8 


41-01 
12-5 


84-9 
10-6 


0. Average length of single holes 
drilled during month; 


Feet. 
Metres. 


3-49 
1-005 


8-51 
1-070 


3-76 
1149 


8-77 
1-158 


8-84 
1170 


3-75 
1145 


3-01 
1189 


8-91 
1-189 


8-91 
1-200 


8-97» 
1-200 


8-32 
1 013 


880 
1004 


10. Sam of average single lengths of 
bore-holes for all attacks in the 
months 


1 

Feet 886-2 
Metres. 1G2-5 


282-6 
86-17 


886-5 
1U2-6 


8516 
107-8 


418-5 
127-6 


863-2 
1077 


401-5 
122-4 


409-4 

124-8 


429-2 
130-8 


420-3 
128-20 


8288 
67-90 


82-8 
85-10 






11 Number of machlaes sent to re- 
pair-shops 


• ■ • a 


81 


77 


84 


78 


42 


66 


38 


29 


15 


13 


16 


1 




^ - 1 




13. Average lineal advance of heading 
per attack) 


Feet 
Metres. 


328 
0-993 


8-28 
006 


3-80 
1-03 


8-SO 
105 


8-80 
1-06 


3-30 
1-06 


8-81 
11 


8-Si 
114 


8-82 
115 


8-94 
1-20 


8-88 
1-003 


5-15 

1-57 







1876. 



« 




Jan. 


Feb. 


Mar. 


Apr. 


May. 


Juno. 


July. 


Aug. 


Sept. 


Oct 


Nov. 


Dec. 


Rock-Dbill Usxd. 






8-4. F 

• 


crroiix. 










4. 


Ferroux. 






1. Namber of boring attacks 


• • • « 


5 


35 


78 


104 


106 


90 


109 


123 


TO 


90 


75 


78 


8. Avera^ time for drill-work pro- 
ner in one attack* 


• > • • 


8-80 


3-SO 


8-36 


8-00 


a-46 


8-17 


8-27 


2-54 


4-19 


3-34 


3-18 


6-19 






S. Average time for blasting and 
clcarins In one attack* 


■ • • • 


4-18 


3-59 


3-57 


a-43 


3-13 


2-60 


SJ-57 


8-50 


2-54 


1W7 


3-16 


4-18 






4. Total time for one boring attack.* 


■ « • • 


7-48 


7-19 


7-33 


6-43 


6-59 


6-<n 


0-24 


5-60 


7-28 


6-81 


6-34 


i^31 


6. Number of holes drilled during 
moith 


• • • ■ 


54 


ai4 


863 


1318 


1437 


1200 


1756 


1920 


1S04 


1406 


867 


1007 






6. Average number of holes drilled 
Dcr attack 


• • • • 


11 


10 


11 


13 


14 


13 


16 


16 


16 


15 


18 


14 






7. Total length of all holes drilled 
daring monih 


Feet 
Metres. 


177-0 
540 


1181 
3600 


2871 
875-0 


46980 
1432-0 


5836-0 
1006-0 


4452-0 
1857-0 


6366-0 
19400 


7895-0 
8254-0 


4629-0 
1411-0 


54630 
16660 


8388-0 
1081-0 


8904-0 
1190-0 


8. Average total length of holes in 
one attackt 


Feet 
Metres. 


85-43 
10-8 


83-66 
10-96 


36-81 
11-22 


45-18 
13-77 


49 41 
15-06 


49-48 
15-08 


58-40 
17-80 


60-11 
18-32 


60-03 
18-57 


58-78 
17-90 


45-11 
13-75 


54-28 
16-53 








9. Average length of single holes' Feet 
drilled daring months | Metres. 


8-28 
1-00 


8-38 
108 


3-21 
1-01 


8-68 
1-09 


3-64 
Ml 


8-71 
1-13 


3-61 
110 


8-90 
1-19 


8-84 
1-17 


8-90 
1-19 


8-00 
1-19 


8-87 
1-18 


10. Sum of average single lengths of i j,^^ 
bore-holes for all attacksln the Jf®^ 
months Metres. 


16-4 
5-0 


1191 
36-8 


859-2 
790 


870-4 
112-9 


886-8 
117-7 


867-8 
1181 


894-4 
1808 


474-8 
144-7 


892-7 
80-8 


861-9 
110-8 


891-7 
88-9 


889-9 
85-3 


11. Number of machines sent to re- 
pair-shops 


• • • a 


* « • ■ 


3 


11 


18 


14 

1 


11 


18 


17 


15 


15 


8 


IS 






12. Average lineal advance of heading Feet, 
per attack^ > Metres. 


• » • ■ 

.... 


• • • • 


3-18 
0-97 


3-58 
109 


8-41 
104 


8-48 
106 


3-18 
0-97 


3-54 
106 


809 
0-98 


8-95 
0-90 


2-95 
090 


8-88 
10 



* In hoars and minntes. 

t These figures are obtained by dividing the metres in line 7 by figures In line 1. 



1 Obtained by dividing metres in line 7 oy figures in line 5. 

f Obtained by multiplying metres in line by figures in lim 

I Obtained by dividing the monthly advance (in Table 49) by the figares In lino 1 of this Table. By comparmg this lino (19) with the avenge 



Obtained by multiplying metres in line 9 by figures in line 1. 

. Obtained by dividing the monthly advance (in Table 49) by ^ _, ^ „ 

lengths of single holes (line 9), it will bo seen that the average advance per attack is, in general, nearly equal to the avenge lengUi of hole. 
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psoenuss tables. 



TABLE 51. {Continued). 
1S77. 







Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jnne. 


July. 


Ang. 


Sept. 


Oct. 


Nov. 


Dec. 


Rock-Drill Used. 


'Fcrroux. 


1. Nnnibcr of boring attacks 


• 

• . • . 


rr 


59 


103 


81 


90 


104 


106 


88 


106 


87 


69 


65 


2. Avcrajzo time for drilUwork pro- 
per in one attack^ 


. • . . 


5-26 


4-36 


2-55 


8-1 


8-13 


2-38 


•S-43 


2-53 


3-10 


3-48 


6-27 


6-51 






3. Average time for blasting and 
clearing iu one attack* 


.... 


4-8 


4-29 


4-15 


5-10 


4-40 


4-7 


4-17 


4-32 


3-89 


4-15 


3-52 


3-53 






4. Total time for one boring attack*. 


.... 


0-34 


9-25 


7-10 


8-14 


8-2 


6-45 


i- 


7-25 


6-39 


8-3 


10-19 


10-44 


6. Number of holes drilled during 
month 


.... 


1291 


1088 


1749 


1305 


1543 


ITH 


1838 


1441 


1919 


1641 


1528 


1467 






6. Average number of holes drilled 
per attack 


.... 


10.77 


18.41 


16.08 


16.11 

6277.2 
16H8.7 


17.14 


17.03 


17.34 


17.36 


18.101 


18.86 


22.14 


22.57 






7. Total length of all hole» drilled 
during month 


Feet. 
Metres. 


5330.0 
1j07.1 


4224.2 
1318.1 


7«5.5 
22U2.3 


6666.7 
2082.0 

74.1 
22.6 


77^5.4 
2;«7.8 


7999.5 
2438.2 


56(13.9 
1708.3 


7596.4 
2315.5 


6516.3 
1986.1 


6078.5 
1852.8 


6701.5 
1787.8 






8. Average total length of holes in 
one attackt. . . . ; 


Feet. 
Metres. 


68.0 
20.7 


13.3 
22.3 


70.1 
21.4 


65.1 
10.8 


74.4 
22.8 


75.5 
23.0 


63.7 
19.4 


71.7 
21.9 


74.7 

22.8 


88.1 
26.8 


87.7 
26.7 






9. Average Icnsth of single holes 
drilled during montlit 


Feet. 
Metres. 


4.01 
1.24 


8-97 
1.21 


4.13 
1.26 

433.39 
129.78 


4 03 

1.23 


4.33 
1.32 


4.35 
1.38 


4.83 
1.32 


3.87 
1.18 


3.97 
1.21 


4.35 
1.33 


3.97 
1.21 


8.94 
1.20 






10. Sum of avemgo pinglo lengths of 
boreholes for all attacks in the 
month % 


Feet. 
Metres. 


378.07 
05.48 


2K.03 
71.89 


3i;6.43 
99.63 


389.70 
118.80 


452.40 
138.3i 


458.98 
139.92 


340 66 
103.84 


420.82 
128.26 


3S0.45 

iis.n 


273.98 
83.49 


290.10 
78.00 






11. Number of machines sent to re- 
pair-shops 


• • ■ • 


17 


10 


4 


8 


6 


13 


26 


21 


23 


1 

28 


66 


54 






12. Average lineal advance of heading 
per attackl 


Feet. 
Metres. 


8.74 
1.14 


374 
1.14 


4.07 
1.24 


4.C3 
1.23 


4.16 
1.27 


4.07 
1.21 


4.03 
1.23 


3.74 
1.14 


4.00 
1.22 


3.87 
1.18 


3.57 
1.09 


3.64 
l.ll 







1878. 







Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Rock-Drill Usko. 










Ferroux. 














1. Nnmber of boring attacks 


• • • • 


60 


71 


75 


97 


81 


01 


98 


82 


63 


Ill 


02 


100 


2. Average time for drill-work pro- 
per in one attack* 


• • * ■ 


7-11 


5-51 


6-4 


3-38 


4-4 


8-n51 


3-44 


4-35 


7-14 


2-66 


4-14 


3-11 






8. Average time for blasting and 
clearing in one attack* 


• • • • 


3-30 


8-33 


3^46 


3-36 


8^43 


3^6 


3^1 


4-27 


4-18 


8-34 


8-29 


3-88 






4. Total time for one boring attack*. 


a » • ■ 


10-47 


9-24 


10-50 


7-14 


7-46 
1732 


7-87 


7-25 


9-2 


11-38 


6-32 


7--13 


6-39 


6. Number of holes -drilled daring 
month 


• ■ • • 


/S53 


1478 


1631 


1921 


1906 


2078 
21.20 


1690 


1304 


2186 


1873 


S058 






6. Average nnmber of holes drilled 
per attack 


p • • ■ 


22.51 


23.82 


21.75 


19.80 


20.62 


20.94 


20.19 


20.70 


19.69 


80.38 


20 58 






7. Total length of all holes drilled 
daring month 


Feet. 
Metres. 


5966.9 
1818.7 


5789.4 
1764.6 


6801.7 
1948.2 


8101.8 
2409.4 


7955.5 
2424.8 


8717.8 
2657.0 


9788.5 
2963.6 


7378.0 
2248.8 


5402.8 
1046.6 


9771.5 
2978.3 


8299.6 
2589.7 


0889.9 
2808.0 






8. Average total length of boles in 
one attackt 


Feet. 
Metres. 


86.48 
26.86 


81.58 
24.85 


85.23 
25.ii8 


83.53 
25.46 


83.89 
28.87 


83.01 
28.21 


99.87 
80.41 


89.06 
27.42 


86.73 
36.13 


88.02 
26.83 


90.19 
87.49 

4.43 
1.35 


08.90 
28 68 






0. Average length of single holes 
drilled during months 


Feet. 
Metres. 


3.84 
1.17 


8.90 
1.19 


3.90 
1.19 


4.23 
1.20 

410.31 
1!».13 


4.69 
1.40 


4.56 
1.39 


4.69 
1.43 

450.62 
140.14 


4.46 
1.86 


4.13 
1.28 


4.46 
1.36 


4.56 
1 89 






10. Bnm of average single lengths of 
bore-holes for all attacks in the 
month| 


Feet. 
Metres. 


264.96 
80.73 


276.90 
84.49 

41 


292.50 
89.25 


885.56 
117.60 


414.96 
126.49 


365.72 
111.53 


260.19 
79.38 


495.06 
190.96 


407.56 
184.80 


456.00 
130.00 






11. Nnmber of machines sent to re- 
pair-shops 


■ • ■ • 

Feet 
Metres. 


62 


85 


25 


23 


24 


18 


30 


27 


ao 


86 


83 






12. Average lineal advance of heading 
per attackl 


3.58 
1.09 


3.71 
1.13 


3.64 
1.11 


4.13 
1.26 


4.53 
1.88 


4.46 
1.36 


4.4G 
1.36 


4.26 
1.30 


4.00 
1.22 


4.30 
1.81 


4.20 
1.28 


4.30 
1.38 



* In honrs and minutes. 

t These fignres arc obtained by dividing the metres in line 7 by flgnres in line 1. 
t Obtained by dividing metres in line 7 oy figures in line 5. 
i Obtained by multiplying metres in line 9 by l^res in line 1. 

I Obtained by dividing the monthly advance (in Table 49) by the fignres in line 1 of this Table. By comparing this line (18) Avith the average 
lengths of oingle holes (line 9), it will be seen that the average advance ])er attack is, in gooeral, nearly cqnal to th6 ayerago length of hole. 
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TABLE 51. {Continued.) 



1879. 



BocK'Drill Used. 



1. Nnmbcr of boring attacks 

2. Avcra^ time for driil-woric pro- 

per In one attack^ 

8. Average lixnc for blasting and 
cicarins iu one attack* 

4. Total time for one boring attack*. 

5. Nnmbcr of holes drilled dniing 

month 

6. Average number of holes drilled 

per attack 

7. Total length of a'.l holes drilled 

during month 

8. Average total length of holes in 

one attack! 

0. Average lon^h of single holes 
drilled during months 

10. Sum of average single lengths of 

bore-holes tot all attacks In the 
nionthl 

11. Number of machines sent to re- 

pair-shops 

12. Avera<re lineal advance of heading 

per attackl 



Jan. 



Feb. 



Mar. 



Apr. 



May. 



June. 



July. 



Aug. 



Sept. 



Oct. 



Nov. 



Fcrroux. 



96 



4-30 



a-13 



r-45 



Feet. 
Metres. 



2170 



22.67 



9494.9 
2891.8 



Feet. 
Metres. 



Feet. 
Metres. 



Feet. 
Metres. 



9»'.77 
80.12 



4.86 
1.88 



418.66 
127.68 



I 



Feet. 
Metres. 



S5 



8.77 
1.15 



95 



108 



8-48 



8-9 



8-58 



3-12 



6-67 


7-4 


2258 


2343 


23.77 


22.n 


9681.1 
8011.7 


9963.7 
3043.0 


104.01 
81.7U 


96.92 

29.54 


4.86 
1.38 


4.26 
1.80 


414.20 
126.85 


438.78 
188.90 


25 


28 


8.81 
1.16 


8.81 
1.10 



95 


106 


4-11 


8-24 


8-17 


3-10 


7-28 


0-84 


2127 


2323 


22.S9 


21.93 


9083.4 
2788.6 


9822.6 
2993.9 


95.58 
29.13 


93.66 
28.24 


4.26 
1.30 


4.23 
1.29 


414.70 
123.60 


448.88 
186.74 


• • a • 


• a a a 


3.97 
1.21 


4.00 
1.22 



84 



94 



5-10 I 4-28 



8-21 



8-81 



1907 



22.70 



7928.8 
2416.5 



94.40 
28.77 



4.17 
1.27 



850.28 
106.68 



8.74 
1.14 



3-2 



r-30 



2270 



24.15 



8802.5 
2n0.4 



94.69 
28.88 



3.90 
1.19 



366.60 
111.86 



24 



8.44 
1.05 



107 



3-23 



3-36 



6-59 



2418 



22.00 

10172.1 
8100.4 



05.05 
88.97 



4.80 
1.88 



449.40 
186.96 



22 



3.51 
1.07 



76 



2-58 



8-83 



6-25 



1700 



28.16 



7088.7 
3142.8 



92.49 
88.19 



4.00 
1.22 



804.00 
08.72 



10 



8.6? 
1.18 



106 



8-35 



8-23 



5-58 



2543 



22.n 

IO415T 
8174.5 



96.42 
89.89 



4.10 
1.25 



442.80 
185.00 



10 



8.87 
1.18 



86 



1-38 



5-25 



6-58 



400 



11.11 



1740.5 
418.5 



87.69 
11.49 



8.38 
1.03 



121.68 
87.06 



1 



8.08 
0.94 



Dec. 



28 



1-50 



r-54 



9-50 



188 



8.54 



554.1 
168.0 



25.17 
7.67 



2.H5 
0.90 



01.90 
19.80 



1 



8.53 

0-77 



1880. 







1 
Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Rock-Dbxll Used. 


Ferroux. 


• 
1. Number of boring attacks 


a ■ ■ • 


96 


99 






The two heading 


s met on 


the 29th 


of Febr nary. 18 80. 

' 1 




2. Average time for drill-work pro- 
Dcr in one attack* 


a a a • 


3-49 


8-17 


























8. Average time for blasting and 
clearinc in one attack* 


a a a a 
a a a a 


8-54 
7-43 


8-18 


























' 1 II ■ 


4. Total time for one boring attack*. 


6-35 
2241 














% 






5. Nnmbcr of holes drilled during 
mcinth 


• a a • 


1960 






















1 


6. Average number of holes drilled 
Dcr attack 


« • a a 


20.72 


82.64 


















1 
1 








7. Total length of all holes drilled 
diirinsr month 


Feet. 
Metros. 


7660.9 
2383.0 


8786.8 
2678.2 








1 
1 
















8. Avemgo total length of holes in 
one attackt 


Feet. 
Metres. 


79.78 
24.82 


88.70 
1^7.06 


























0. Aversge length of single holes 
drilled duiinsr month! 


Feet, 
Metres. 


8.84 
1.17 


8.90 
1.10 






























lOl Bum of average single lengths of 
bore-holes fox all attacks in the 
month$ 


Feet. 
Metres. 


368.68 
112.82 


386.1<> 
117.81 








1 

1 
1 

1 








1 




' 1 


1 


11. Number of machines sent to re- 
pair shops 


a a a a 


19 


12 
























! 




12. Avfrago lineal advance of heading 
per attack] 


Feet. 
Metres. 


3.85 
1.08 


3.77 

1.15 


























1 



* In hours and minutes. 

t These flsnres are obtained by dividing the metres in line 7 by figures in lino 1. 

! Obtained by dividing metres in line 7 oy flgures in line 5. 
Obtained by multiplying metres in line 9 by figures in line 1. 
Obtained by dividing the monthlv advance (in Table 49) by the figures in lino 1 of this Table. By comparing this line (12) with the aTenge 
lengths of rlngle holes (lino 9), it will DC seen that the avenge advance per attack is, in general, nearly equal to the average length of hole. 
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PROORESS TABLEB. 



TABLE 52. 
St. Gothard Tcnnkl— Aieolo End. 
Machine-Drilling Record.* 
1873. 



Bock-Dnli. Ubxp. 




Jan. 


Feb. 


Mar. 


April. 


May. 


Jane. 


July. 


Aug. 


Sept 


Oct 


Nov. 


Bee. 




Dubois and Francis— Sommeiller and HcKean. 


1. Nnmberof boring attacks 


• • * • 


• • • • 






• • • « 


• ■ • • 


« ■ ■ ■ 


70 


80 


74 


78 


70 


77 


8. Average time for drill-work pro- 
per in one attackt 




• V • 






• • • • 


■ • • • 


• • • • 


3-10 


2-88 


8-18 


3-31 


4-O0 


3-35 






3. Average time for blasting and 
clearing in one attackt 


• • • • 


fl • • • 






* • • • 






7-80 


5-31 


6-37 


6-68 


5-48 


6-07 






4. Total time for one boring attackt. 


.... 


• a • • 






• • ■ • 


• • • • 




10-80 


8-03 


0-^0 


0-80 


0-51 


0-42 


5. Number of bore-holes drilled dur- 
ingmonth 


• > « • 


• • ■ • 






• • ■ • 


• « • • 




758 


1100 


IITO 


1803 


1C37 


1872 


G. Average number of holes drilled 
per attack 


• • • ■ 


* • • • 






• ■ • 


• • • • 




10-83 


18-86 


15-81 


10-58 


14-81 


16-58 






7. Total length of all holes drilled 
during month 


Feet. 
Metres. 


• ■ ■ • 
« ■ • • 






■ • • • 
• • • • 


• • • 

• • • • 




87450 
887-0 


48540 
1387-0 


45840 
18^0-0 


46r>2-0 
1418 


8681 
1182-0 


4054-0 
1510-0 


8. Average total length of holes in 
one attack^ 


Feet 
Metres. 


• • • ■ 

• ■ « ■ 






• • • • 

• • • ■ 


• • • ■ 

• • • • 




89 84 
11-06 


400 
1401 


61-1 
18-64 


50-6 
18-18 


GS 
16-02 


64-4 
19-68 






0. Average length of single holes 
drilled during month| 


Feet. 
Metres. 


• • • • 

• • « • 






• ■ ■ » 


• • • ■ 
■ • • • 




8-68 
1105 


8-06 
1-207 


3-80 
1170 


3-riO 
1-097 


8-54 
1063 


301 
l-lb7 






10. Sum of averago single lengths of 
bore-holes for all attacks in the 
monthi 


Feet 
Metres. 


« • • • 






• • • • 

• • • • 


• • ■ • 




858-8 
7785 


a'S8-8 
107-42 


2860 
87-85 


2807 
85-57 


249-3 
7574 


800-2 
01-40 


11. Number of machines sent to re- 
pair-shops 


• ■ • » 


• • • • 






• • ■ ■ 


• • a • 




14 


17 


SO 


25 


23 


55 




__ 1 ■ ' 




18. Average lineal advance of heading 
per attack ^ 


Feet. 
Metres. 


• • • ■ 

• ■ • • 






• • • • 

• • • • 


• • a ■ 
■ • • ■ 




8-80 

0-60 


3-88 
1-001 


865 

0-81 


8-58 

0-77 


8-88 
0-73 


2-04 
0-806 











1874. 



Rock-Drill TJskd. 



1. Nnxobcr of boring attacks. 



2. Average time for drill-work pro- 
per In one attackt 



8. Avcsragc time for blasting and 
clearing in one attackt 



4. Total time for one boring attackt. 



6. Number of bore-holes drilled dur- 
ing month 



6. Average number of holes drilled 
per attack , 



7. Total length of all holes drilled 
during month 



8. Average total length of holes in 
one attack^ 



0. Avera: 



irerage len^ of single holes 
drilled during month| 



10. Sum of average single lengths of 
bore-holes for all attacks in the 
monthi 



11. Number of machines sent to re- 
pair-shops 



Jan. 



Feb. 



Mar. 



April. 



May. 



June. 



July. 



Aug. 



Sept 



Oct 



Nov. 



Dubois and Fran9ois. 



Dubois and Francois 
and McKean. 



Same 

and 

Ferroux 



Dec. 



Dubois and Fran- 
cois and Ferroux. 



Dubois 

and 
FV'n^is 



Feet 
Metres. 



Feet 

Metres. 



Feet 
Metres. 



Feet 
Metres. 



12. Average lineal advance of heading 
IMjr attack ^ 



Feet. 
Metres. 



61 


54 


5-S5 


8-12 


&45 


6-50 


12-10 


10-08 - 


1873 


817 


20-87 


1513 


4754-0 
1450-0 


3150-0 
0600 


77-0 
2877 


63-3 
17-78 


8-74 
1130 


377 
1175 



05 



4-0 



11-4 



1075 



19-72 



4806-0 
1888-0 



76-0 
23-58 



288-0 
60-48 



63 



2-78 
0-85 



8-08 
1103 



808-1 
63-46 



80 



887 
0-876 



353-4 

77-64 



83 



8-17 
0060 



6-80 



55 



8-06 



5-47 



12-16 



1178 



1007 



4.^80-0 
13060 



783 
23-66 



3-00 
1185 



220-0 
60-80 



53 



2-89 
0-8S 



5-30 



13-36 



1314 



22-or 



4870-0 
1487 



88-7 
27-04 



401 
1-285 



217-3 
66-80 



63 



2-65 
0-81 



60 


63 


6-01 


' 7-10 


4-47 


4-31 


1048 


11-41 


1468 


1301 


22-24 


2806 


6827-0 
17760 


6469-0 
16670 


88-3 
26-01 


878 
86-46 


3-06 

1-210 


804 

1-108 


268-0 
70-00 


8170 
75-55 


81 


03 


313 
0-966 


3-83 
0-084 



64 



53 



81 



8S 



7-6« 



3-46 

11-38 



17n 



fr-81 


5-14 


4-15 


3-58 


18-36 


0-13 


1523 


1570 



4-40 



3-30 



8-38 



1072 



27-77 


27-69 


68600 
8001-0 


67100 
1743-0 



10-38 



64860 
16780 



107-2 
82-67 


104 
81-69 


3-80 
1-177 


376 
1-145 


247-4 

75-40 


206-5 
68-90 


105 


88 


8-06 
0-931 


805 
0-93 



67-4 
80-64 



8-SO 
1056 



888-6 
86-20 



04 



8-07 
0-906 



19-44 



60SS-0 
1854-0 



70-5 
21-56 



8-68 
1-100 



806-8 
03-35 



70 



0- 
0084 



83 



4-13 



4-00 
8-13 



1580 



10-27 



6880-0 
1777-0 



70-0 
21-67 



800 
1-185 



301-0 
01-05 



lui 



8-30 
105 



* These figures are from the " Geschftftsberichten der Dircktion nnd des Verwaltongsrathes der Qotthardtbahn,*' for 1878, 1^4, 1873, and 1876. 
(Also see revised tables In Bziha's *' Elsenbahn- Unter- und Oberbau,'* Wien, 1876.) 

t In houTB and minutes. 

X These figures are obtained by dividing the metres in line 7 by figures in lino 1. 

I Obtained by dividing metres in line 7 by figures in Unc 5. 

I Obtained by multiplying metres in line by fignres in lino 1. 

t Obtained bv dividing the monthly advance (In Table 4B) by the fignres in line 1 of this Table. By comparing this Itno (10) with the average 
lengths of «ingle holes Oine 0), it will be seen that tha average advance per attack is, in general, nearly equal to the average leiigtii of hole 
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TABLE 52. {Continued:) 



1875. 







Jan. 


Feb. 


Mar. 


April. 


May. 


Jane. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


ROCK-DSILL Ubkd. 




Dubois and 
Francois. 


Same 

nnd 

partly 

McK»n. 


Dubois and 

Francois and 

McKean. 


Dubois and 
Francois. 


Dabois and Francois 
and McKean. 


McKean. 


1. Namber of boring attacks 


■ • ■ ■ 


96 


93 


83 


114 


95 


110 


118 


92 


99 


107 


80 ; 88 


2. Average time for drill-work pro- 
D€r in one attack* 




8-29 


8-46 


6-06 


8-35 


3-12 


3^3 


8-31 


4-58 


8-M 


8-15 


2-^ 


S-18 




.... 




8. Average time for blasting and 
clearing in one attack* 


■ • • ■ 


8-53 


8-13 


2-50 


8^1 


8-39 


2-45 


2-47 


8-04 


3-17 


8-09 


8-51 


8-82 






4. Total time for one boring attack* . 


• a • ■ 


7-22 


6-60 


8-56 


6-16 


6-21 


6-28 


6-18 


7-57 


7-U 


6-84 I 6-27 


6-60 


6. Number of bore-holes drilled dor- 
ing month 


• • • 


1775 


1727 


1529 


1878 


1568 


1905 


2045 


1487 


1635 


17B9 
16-44 


1090 


1347 






6. Average number of holes drilled 
Der attack 


• • ■ • 


18-11 


18-57 


18-42 


16-83 


16-28 


17-32 


17-83 


16- 16 


16-58 


13-62 


15-18 






7. Total length of ail holes drilled 
durlnir month 


Feet. 
Metres. 


6523-0 
1968-0 


65720 
20030 


86170 
1712-0 


7160-0 
21820 


6650-0 
17220 


6976-0 
2126-0 


7609-0 
2817-0 


5881-0 
16350 


66560 
1785-0 


6631 
2021-0 


4096-0 
1848-0 


4688-0 






8. Average total length of holes in 
oneattackt 


Feet. 
Metres. 


66G 
2029 


704 
21-51 


67-7 
20-63 


61-3 
18-97 


58-8 
1794 


63-4 
19-38 


64-5 
19-63 


68-8 
17-78 


50-1 
18-08 


60-oe 

18-82 


61-2 
15-61 


62-1 

16-86 


9. Average length of single holes 
drilled duru)2 montht 


Feet. 
Metres. 


3-64 
1120 


8-78 
1-160 


8-64 
1120 


3-79 
1-162 


3-62 
1102 


8-64 
1116 


8-66 
1133 


8-63 
1100 


850 
1092 


8-78 
1-149 


3-78 
1-146 


3-41 
1-048 






10. Sum of average single lengths of 
boreholes for all attacks in the 
month§ 


Feet. 
Metres. 


850-2 
109-5 


854-9 
106-2 


303-0 
92-6 


488-8 
133-6 


8488 
106-8 


402-8 
192-8 


488S 
133-6 


883-2 
101-2 


854-6 
106- 1 


408-1 
122-9 


807-2 
91-6 


806-7 
08-8 






11. Namber of machines sent to re- 
uair*8hoDB . .*. 


■ • • ■ 


49 


09 


81 


76 


68 


67 


58 


61 


43 


31 


21 


26 








12. Average lineal advance of heading 
per attackl 


Feet. 
Metres. 


3-29 
103 


8-31 
109 


8-29 
1-01 


8-82 
1-13 


3-80 
1-06 


8-80 
1-05 


8-31 
1-06 


8-80 
104 


8-80 
104 


8-81 
1-08 


3-82 
1-14 


8-96 
1-01 











1876. 



Rock-Dbxll Used. 




Jan. 


Feb. 


Mar. 


April. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Not. 


Dec. 








5-4J. 


McKea 


n. 




5. Mc] 


Kcan. 


4-5. M< 


:Kean. 


6. 


McKean. 


1. Namber of boring attacks 


• ■ • • 


117 


87 
4-13 


75 


02 


60 


45 


59 


88 


96 


118 


108 


110 


2. Average time for drill>work pro- 
per m one attack* 


• • • • 


• 

3-16 


5-31 


6-32 


(M)6 


7.40 


8-43 


5-16 


8-14 


3-80 


3-42- 


8-48 






8. Average time for blasting and 
cleurhig in one attack * 


• ■ ■ • 


8-59 


3-36 


4-28 


4-05 
10-37 


4-37 


4-.36 


8-50 


8-33 


3-84 


1^-58 


3-02 


8-06 


4. Total t!me for one boring attack* . 


» * ■ • 


G-25 


7-48 


9-59 


10-43 


13-16 


12-33 


6-49 


6-38 


0-28 


6-42 


6-48 


6. Number of bore-holes drilled dur- 
ing month 


• • » ■ 


1923 


1402 


1211 


003 


900 


C95 


961 


1383 


1603 


2058 


1962 


8070 






0. Average number of holes drilled 
per attack 


■ • • • 


16 


16 


16 


16 


16 


15 


16 


17 


16 


18 


19 


10 






7. Total length of all holes drilled 
during month 


Feet. 

Metres. 


7021-0 
21400 


50460 
1538-0 


4292 
1306-0 


3504-0 
1068-0 


387DO 
10»-0 


2497-0 
761-0 


8587-0 
1078-0 


60000 
1584-0 


56500 
1788-0 


7415-0 
2880-0 


7107-0 
21060 


7S04-0 
8287-0 


8. Average total length of holes in 
one attackt 


Feet. 
Metres. 


43-2 
13- 16 


58-0 
17-69 


67-2 
17-44 


56-5 
17-28 


66-3 
17-16 


55 5 
16-01 


60-9 
18-27 


61-0 
18G0 


607 
18-19 


t»-6 
20-0 


60 
21-08 


68-8 
90.79 






0. Average length of single holes 
drilled durinz montht 


Feet. 
Metres. 


3-G4 
111 


3-6 
110 


8-51 
108 


3-63 
1-09 


3-51 
107 


8-6 
1-10 


8-64 
111 


3-6 
1-10 


3-64 
111 


3-6 
MO 


8-58 
1-09 


8-&4 
1-11 






10. Sum of average single lengths of 
bore-hole3 for all attacks la the 
months 


Feet 
Metres. 


427-2 
130-2 


313-2 
96-45 


265-9 
81-05 


221-6 
67-55 


211-3 
64-4 


161-8 
49-3 


215-6 
65-7 


299-4 
91-25 


8583 
109-2 


407-3 
124 15 


869-7 
112-7 


S99-4 
121-6 


11. Number of machines sent to re- 
pair-shops 


• ■ ■ • 


23 


22 


34 


29 


88 


33 


84 


58 


41 


31 


53 


38 






12. Average lineal advance of heading 
per attackl 


Feet. 
Metres. 


3-0 
1-10 


3-26 
1-02 


3-83 
1-01 


3-38 
1-03 


3-21 
0-98 


203 
0-90 


2-89 
0-88 


3-28 
1-0 


3-38 
103 


3-38 
103 


3-26 
102 


8-88 
1-03 







* Tn hours and minutes. 

t The.4e flgures are obtained bj dividing the metres in line 7 by figures in line 1. 

i Obtained by dividing metres in line 7 t>y flgures in line 5. 
Obtained by multiplying metres in lino 9 by figures in line 1. 
Obtained bv dividing the monthly advance (in Table 40) by the figures in lino 1 of this Table. By comparing this line (12) with the average 
lengths of single holes (line 0), it will be seen that the average advance per attack is, in general, nearly equal to the average length of hole. 
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TABLE 52. (Continued). 



1877. 







Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jane. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


• 

Rock-Drill Used. 




5. 


McKean. 


4. 


McKean 


. 






7. McKean. 






1. Number of borinji: attacks 


.... 


• 07 


83 


73 


114 


103 


88 


67 


104 


81 
4-33 


101 


34 


33 


- 2. ATcrase time for drill-work pro- 
i>er m one attack* 


• • • • 


4-4 


3-47 


3-50 


3-27 


4-19 


6-12 


4-2 


3-58 


4-1 


2-8 


3-22 






3. Avcrago time for blasting and 
clcarinii in one attack* 


• • ■ • 


3-20 


3-55 


S-59 


2-48 


2-49 


2^56 


3-4 


2-59 


2-56 


3-14 


19-9 


17-33 






4. Total time for one boring attack*. 


• • • • 


7-24 


7-42 


, 6-40 


6-16 


7-8 


8-8 


7-6 


6-67 


7-29 


7-15 


21-17 


20-64 


6. Number of holes drilled daring 
month 


• • • • 


1563 


1308 


1231 


18S0 


1742 


1511 


1072 


1744 


1410 


1676 


244 


439 






6. Average nnmbcr of holes drilled 
Der attack 


• • ■ • 


16.11 


13.76 


16.86 


10.23 


17.07 


17.17 


16.00 

a 


16.77 


17.48 


16.59 


7.17 


13 11 






7. Total length of all holes drilled 
durins month 


Feet. 
Metres. 


5664.7 
1696.1 


4600.5 
1402.2 


4504.1 
1372.8 
























- 8. Average total length of holes In 
one attack t 


Feet. 
Metres. 


67.85 
17.48 


65.40 
16.89 


61.68 
18.80 
























9. Average ]cno;th of single holes 
drilled dnruisr monthl 


Feet. 
Metres. 


8.57 
1.09 


3.51 
1.07 


3.64 
1.11 
























10. Snm of average single lengths of 
bore-holes for all attacks in the 
months r, 


Feet. 
Metres. 


366.S9 
105.73 


291.33 
88.81 


265.72 
81.03 

16 








• 








4 








11. Number of machines sent to re- 
pair*shops 


• • • • 


SO 


10 


21 


40 


80 


18 


34 


86 


40 


8 






12. Average lineai advance of beading 
per attack! 


Feet. 
Metres. 


8.28 
1.00 


3.15 
0.96 


3.38 
1.03 


3.31 
1.01 


8.85 
LOGS 


3.81 
1.01 


8.18 
0.97 


3.35 
1.03 


3.18 
0.97 


3.44, 
1.05 


3.61 
1.07 


8.77 
1.15 



1878. 







Jan. 


Feb. 


Mar. 


A|>r. 


May. 


June. July. 


Ang. 


Sept. 


Oct. 


Nov. 


Dec. 


Rock-Dbill Used. 


* 7. McKean. 


1. Nnmber of boring attacks 


■ • • ■ 


49 


33 


34 

4-0 


79 


117 


85 


97 
8-83 


127 


06 


103 


78 


94 


2. Average lime for drill-work pro- 
per in one attack* 


• :*** 


8-10 


2-45 


4-30 


3-16 


5-30 


2-34 


8-33 


3-29 


4-88 


4-89 






8. Average time for blasting and 
cleai ins in one attack* 


■ • • • 


1^5 


17-37 


17-12 


4-54 


8-50 


3-26 


2-50 


8-13 


3-33 


8^ 


3-02 


8-27 






4. Total time for one boring attack*. 


• • • » 


15-15 


SO- 23 


21.18 


9-16 


7-16 


8-56 


6-22 


6-46 


7-6 


7-15 


8-0 


7-56 


5. Number of holes dniled daring 
month 


• * • • 


656 


323 


447 


1411 
17.86 


2080 


1600 


175S 


2173 

17.11 

9624.4 
2933.5 


1631 


1546 


1345 


1673 








6. Average nnmbcr of holes drilled 
per attack 


■ « • • 


18.40 


9.76* 


13.15 


17.77 


18.63 


18.06 


17.00 


15.00 

6761.9 
2061.0 


16.C0 


17.79 






7. Total length of all holes drilled 
during month 


Feet. 
Metres. 


2612.4 
765.8 


1024.7 
812.8 


1701.0 
518.5 


5844.1 
1628.9 


8707.0 
2664.2 


6793.5 
2070.6 


8047.4 
2452.8 


6367.8 
1940.9 


6452.8 
166^0 


7621,5 
2333.0 






8. Average total length of holes in 
one attackt 


Feet. 
Metres. 


51.21 
15.61 


81.04 
9.46 


60.08 
15.25 


67.65 
20.02 


74.48 
ai.TO 


79.92 
24.S6 


Bi.9\ 
25.28 

4.59 
1.40 


75.79 
23.10 


66.34 
20.23 

3.67 
1.18 


65.65 
20.01 


69.91 
21.31 


61.10 
:M.78 






9. AvcragQ length of single holes 
drilled durinz montht 


Feet. 
Metres. 


3.84 
1.17 


8.18 
0.97 


3.81 
1.16 


8.77 
1.13 


4.17 
1.27 


4.83 
1.29 


4.43 
1.35 


4.36 
1.83 


4.36 
1.33 


4.56 
1.39 






la Som of avenizo single lengths of 
bore-holes for all attacks in the 
months 


Feet. 
Metres. 


118.10 
67.83 


104.91 
82.01 


129.54 
39.44 


297.83 
90.85 


487.89 
148.50 


859.65 
109.65 

67 

4.01 
1.23 


455.23 
135.80 


662.61 
171.45 


343.72 
113.28 


449.08 
138.99 


840.08 
108.74 


428.04 
130.66 






11. Nnmber of machines sent to re- 
pair-shops 


• • • • 


10 


4 


8 


16 


47 


50 


61 


SO 


41 


27 


57 






12. Average lineal advance of heading 
Der attack] 


Feet. 
Metres. 


3.67 
1.09 


8.64 
1.06 


8.64 
1.11 


8.54 
1.08 


4.00 
1.22 


4.83 
1.32 


4.43 
1.35 


3.94 
1.20 


8.97 
1.21 


4.16 
1.27 


4.88 
1.80 







* In honrs nd minntes. 

t These flgnrcs are obtained by dividing the metres in line 7 by flgurcs In lino 1. 
i Obtained by dividing metres in lino 7 oy figures in line 5. 
I Obtained by mn1tipl}ing metres in line 9 by figures in line 1. 

I Obtained by dividing tho monthlv advance (in Table 49) by the figures in line 1 of this Table. By comparing this line (12) with the average 
lengths of single holes (line 9), it will dc seen that the average advance per attack is, in general, nearly eqoal to the average length of hole. 
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TABLE 62. {Continued). 
1879. 



' 




Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Rock-Dbill Used. 












• 4 


McKean. 














1. Nnmbcr of boring attacks 


• • • • 


68 


40 


53 


103 


86 


81 


83 


87 


85 


88 


90 


105 


2. Avcmco tfmo for drUI-work pro- 
per in one attack* 


• • • a 


S-43 


4-1 


^13 
5-8 


8-14 


3-29 


5-15 


8-40 


4-37 


4-10 


4-50 


3-34 


3-36 




3. Avcm;;o ti:iiG for blasting and 
clearin*; in ono attack* 


• • • » 


5-12 


9-36 


3-17 


3-27 
6-56 


3-^ 


4-23 


3-48 


4r7 


3-26 


3-47 


328 




4. Total time for ono boring ottnck* 


• • • ■ 


a-55 


13-37 


9-21 


6-81 


8-55 


8-3 


8-23 


ft-17 


8-16 


7-«l 


7-4 


6. Nnmber of holes drilled during 
month 


k • • ■ 


1166 


no 


1000 


1758 


1574 


1534 


16M 


1666 


, 1473 


1611 


1814 


190S 






6. Average nnmbcr of holes drilled 
per attack 


• • ■ • 


18.51 


17.7S 


18.79 


17.23 


18.80 


18.94 


18.70 


19.15 


17.33 


18.81 


18.80 


18 12 






7. Total length of all holes drilled 
during month 


. Feet. 
Metres. 


6190.4 
1581.0 


3067.6 
935.0 


4727.8 
1441.0 


8114.3 
2478.2 


70ISO.5 
2152.0 


6716.6 
2047.2 


6076.2 
2126.0 


6604.4 
9018.0 


6020.4 
1885.0 


6414.1 
1055.0 


7142.9 
2171.0 


7821.7 
SS84 






8. Average total length of boles in 
ono ttttackt 


Feet. 
Metres. 


8-2.88 
25.11 


76.07 
23.37 


81.52 
24.85 


79.56 
24.25 


82.08 
25.02 


83.91 
25.27 


70.27 
24.16 


75.02 
23.14 


70.88 
21.50 


72.90 


74.18 
22.61 


74.48 
22 70 






9. Average length of single holes 
drilled dnnng months 


Feet. 
Metres. 


4.46 
1.36 


4.33 
l.ffi 


4.33 
1.32 


4.62 
1.41 


4.40 
1.37 


4.86 
1.33 


4.20 
1.28 


8.97 
1.21 


4.91 
1.24 


8.97 
1.21 


8.74 
1.14 


4.13 
1.26 






10. Sum of avvrase single lengths of 
bore-holes lor all attacks in the 
months 


Feet. 
Metres. 


280.06 
85.68 


178.20 
52.80 


251.14 
76.66 


4n.24 
143.82 


386.14 
117.8* 


&53.16 
107.73 


360.60 
156.64 


345.39 
106.27 


417.35 
106.40 


849.30 
106.48 


SS9.04 
100.44 


433.65 

is!.ao 


11. Number of machines sent to re- 
pair-shops 


• • • ■ 


26 


17 


25 


44 


86 


62 


88 


36 


26 


30 


25 


28 






12. Average lineal advance of heading 
per attackl 


Ffct. 
Metres. 


4.17 
1.27 


3.57 
1.13 


3.81 
1.17 


4.86 
1.33 


4.17 
1.27 


4.00 
1.22 


8.8» 
1.17. 


3.68 
1.09 


3.61 
1.10 


8.67 
1.12 


3.51 
1.07 


16 
8 




d .113. 



1880. 







Jan. 


Feb. 


Mar. 


Apr. 


May. 


1 

Jnne. 


July. 


Ang. 


Sept 


Oct. 


Nov. 


Dec 


Kock-Dbill Used. 




McKean. 


1. Nnmber of boring attacks 


■ • * ■ 


73 


81 






The two^ heading 


s met on the 29th 

1 


of Febr'nary. 18 

.,1 


80. 




2. Averasre time for drill- work pro- 
per in one attack* 


• • • p 


4-29 


4-13 




























8. Average timo for 1)lai>ting and 
clearing in one attack* 


• • • • 


4-2 


4-3 






























4. Total timo for one boring attack* 


■ • ■ • 


8-31 


8-16 






















6. Nnmber of holes drilled during 
month 


• • • • 


1414 


1635 


























6. Average nnmber of holes drilled 
per attack 


• • • • 


10.87 


20.18 
































7. Total length of ail holes drilled 
during month 


Feet. 
Metres. 


6751.3 
1753 


5041.7 
1811 






























8. Averago total length of holes in 
one attackt 


Fe»t. 
Metres. 


78.77 
24.01 


73.36 
22.36 






























1 ' 


9. Avcrase len^h of single holes 
drllKaduring month^ 


Feet. 
Metres. 


4.or 

1.24 


8.64 
1.11 


























• 






10. Sum of average »lng*e lengths of 
bore-holes for all attacks in the 
months 


Feet. 
Metres. 


297.11 
00.52 


294.84 
89.91 










• 












' 






11. Number of machines sent to re- 
pair-shops 




18 


22 




























1 




12. Average lineal advance of heading 
per attack] 


Feet. 
Metres. 


8.54 
1.08 


3.51 
1.U7 



































* In hours and minutes. 

t Thc»<c flgures tiro obtained by dividing the metres in line 7 by flgnres In line ]. 
X Obtained by dividing metres in li:te 7 bv flgnrct* in line 5. 
% Obtaincf I by mnltiplylng metres in line by ftimres in line 1. 

\ Obtained by dividing the monthly advance (in Table 49) by the flgnres in line 1 of this Table. By comparing this lino (12) with the average 
lengths of single holci (liue 9), it will b3 secu thit the average advance i)er attack is, in general, nearly equal to the average length of hole. 
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FLOOD ROCK, N.T. 



REPORT OF WORK AT THE U. S. WORKS, FLOOD ROCK, N. Y., FOR FISCAL YEARS ENDING JUNE 80. 

(Sec p. 282.) 



Lineal feot of galleries driven 

Cubic yards of rock removed 

Loss of steel by abrasion (lbs.) 

Narober of feet of holes drilled 

Number of holes blasted. 

Average depth of holes (ft.) 

NumTOf of times drills sharpened 

Averaze drilling per cubic yard (ft.) 

Exploaers used 

Exploders, explosives used per cubic yard (lbs.) 

Fuse used (ft. ) 

Number feet holes drilled per day, 24 hours (3 shifts). 

Average depth drilled per arill, per 8 hr. shift (ft.). . . 

Cost of drilling per lineal foot 

Cubic yards in place per lineal foot of gallery driven. 

Cubic yards per lineal foot of drill hole 

Number of cars hoisted 

Material bought, wages paid drillers and helpers, min- ^ 
ers, smiths and helpers, steam engineer and machin- 
ist. 

Machine work and drill, compressors, air-pipes, etc., en- 
gineer on hoisting engine, fireman and pumpman, 
overseer and sub-overseer, carpenters and laborers. 

Explosives and laboratory, etc., repairs, material bought, 
explosives bought, wages paid blasters, carpenters and 
laborers 

(letting rock to shaft, mule stable, cars, tracks, etc , re- 
pairs, material bought, wages paid drillers and help- 
ers, miners, smiths and helpers, overseers and sub- 
overseers, carpenters and laborers 

Hoisting and head frame, cages, eti., repairs, material 
bought, wages paid smiths and helpers, steam engi- 
neer and machinist, engineer on hoisting engine, fire- 
man and pumpman, carpenters and laborers 

Dumping and cost of dumping scow, chute, etc., repairs, 
material bought, wages paid drillers and helpers, min- 
ers, smiths and helpers, fireman and pumpman, car- 
penters, laborers 

Pumping and cost of pump, etc., repairs, material bought, 
wages paid miners, smiths and helpers, steam engi- 
neer and machinists, engineer on hoisting engine, fire- 
man and pumpman, carpenters and laborers 

Steam launon and repairs, material bought, wages paid 
steam engineer and machinists, steam launch car- 
panters, as3*t engineer, sounder and boatman 

Steamer A. A. Humphreys, including cost and repairs, 
material bought, wages paid smiths and helpers, steam 
cn^nearani machinist^ fireman and pumpman, rent 
paid steamer A. A. H., wages paid carpenters 

Boilers and condenser, setting, fitting, etc., repairs, mate^ 
rial bought, wages paid dnllers and helpers, smiths and 
help3r3, fireman, pumpman, carpenters and laborers. 

Timbering in mine, material bought, wages paid miners, 
carpenters and laborers 

Crib building and repairs, material bought, wages paid 
smiths and helpars, carpenters and laborers 

Repair shop (machine), material and machinery bought, 
wages paid smiths and helpers, steam engineer and 
michinist, engineer hoisting engine, fireman and 
pumpman, carpenters and larorers. r 

Sea wall, laborers 

Row-boat, whale-boat, water-boat, boat-house, material 
bought, wages paid smiths and helpers, carpenters and 
laborers 

Superintendency, including cost of water, rent, etc.,; 
material bought, wages paid smiths and helpers,' 
steam engineer and machinists, watchman, clerk, | 
overseers and sub-overseers, carpenters, ass't engi-| 
neer, sounder and boatmen ' 

Cost of increase of permanent plant 

Ventilating mine (including cost of fan, engine, etc.) . . . 



1876. 



220 
1609.8 



1877. 



829 

• 1772.2 

178 

13311 

8308 

4.08 
1777 
7.51 



7.46 



2.08 



1878. 



• • • • 



5.88 
.188 



1879. 



1806.78 
5115.36 
884 
55510 
18880 

4.146 
16683 
10.86 



2.16 



.80 
8.91 
.092 



1880. 



4346.8 
12941.02 
2581 
189809.5 
48011 

4.41 
57016 
14.66 



1881. 



2.48 



13.50,6 



fl.45,6 



$2.06,0 



$1.45,8 



.50,2 



$1.20,5 



.60,1 



$3,581 
.08,2 
.85,6 



.26,4 
.86,0 



.24 



$2.48,6 



5367.5 
85.36 

.25,0 
2.05 
.067 



7812 
18080 
4290 
260182 
61595 

4.11 
88272 

14.88 
615U5 
2.59 
240269 



$8.80,1 



$1.34,6 



$1.58,6 



81.72 

.25,1 
2.47 
.067 
82102 



8.74,2 



.05,4 



.88,1 
.76,5 



$1.43,6 



$1.50,2 



.26,2 


.17,4 


.71,5 


.08,6 


.44,7 


.35,7 


.10,0 




$1.00,6 


.38,2 


.30,8 


.10,2 


..00,6 


.01,6 


.16,4 


.25,2 


.04 
.01 


.08,4 

« 



.02,5 



.62 
.11,5 



Incladcd in crib building for 1861. 
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Co8t per cubic yard. 0» 
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Wages paid laborers. 



8 
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Wages paid a^st. engU 
ncer, sounder, and •» 
boatmen. 
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Wages paid carpenters. «• 



Wages naid overseer ^ 
and sub-overseers. 
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Wages paid, of material. «• 



Wages paid watchman. «» 



Wages paid Steamer 
A. A. Humphreys. ^ 



Wages paid fireman 
and pumpman. ** 



Wages paid engineer ^ 
on hoisting engine. 



Wages paid steam en- 
gineer and machln- «» 
Istd. 



00 



Wages paid smiths ^ 
and helpers. 
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Wages paid blasters. «» 



8 



Wages paid miners. «» 



00 
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Wages paid drillers ^ 
and helpers. 
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Ezploeives bought. «» 



8 



S 



^2 

• m 

8n 



S 

o 






S 8 
8 ^ 



8 



8 



8 



8 
S 



8 



8 



3 



Material bought. •» 
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Loss of steel, abrasion gj | 
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No. of drills sharp- o 
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Cubic yards removed. S 
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Average drilling per ^ 
cubic yard. ^ \ 



8 
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Explosives used per » | g 
cubic yard. £ j «,* 



'Cost drillings per 



lineal 



T 
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Average depth drilled tj 
per shift. $ 
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Shifts. 
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Amount drilled. 
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DIAGRAM OF PR0GKF:SS : 

Scale. 600 foot = 1 Inch for iil>«ciyi 
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TABLES 



FOR TUS 



INTERCOM VERSION OF ENGLISH AND METRIC UNITS. 



By Pbof. PERSIFOR FRAZER, Jb., A.M., Ph. D. 



PRESENTED TO AMERICAN PHILOSOPHICAL SOCIETY, PHILADELPHIA, APRIL 5, 1878. 







LINEAL UNITS. 






INCHX8. 




CENTUfSTREB. 


FEET. 




METRES. 


0.3987tm 


SI 


1 


1 


£S 


08047045 


1 


— 


2-580954 


3-2800 


s= 


1 


0*787416 


MM 


2 


2 


zz 


0-6095890 


% 


— 


50700 


6*5618 


:= 


2 


I'lSllM 


HV 


3 


3 


:= 


0-9148835 


8 


7** 


7-6100 


0*8427 


rs 


3 


1-574889 


^= 


4 


4 


:= 


1-2191780 


4 


S 


10- 1506 


13-1286 


s= 


4 


1068589 


ns 


5 


5 


ss 


1-5239724 


5 


S 


12-6008 


16-4045 


= 


5 


2*368M7 


=1 


6 


6 


:= 


1-8^87660 


6 


^= 


15-2307 


10-6851 


:= 


6 


2-755065 


^S 


7 


7 


:s 


2-1835614 


7 


22 


17*7707 


22-9663 


:s 


7 


3*140663 


*— 


8 


8 


s 


2-4383550 


8 


^ 


20-8106 


26-2472 


^ 


8 


3-543871 


= 








= 


2-7431504 





= 


22-8506 


20-5881 


= 





TABDB. 




METRXB. 


MILES. 




KXLOMBTREB. 


1 


= 


00143835 


0-6214 


ss 


1 


1 003633 


j^ 


1 


1 


= 


1 6093 


2 


7— 


1*8287660 


1-2428 


^ 


2 


21878 


,— ^ 


2 


2 


^; 


S-2186 


3 


s; 


2-7431504 


1*8641 


^ 


3 


3-8800 


s 


8 


3 


= 


4-8279 


4 


22 


3-6676340 


2-4865 


3; 


4 


4-3746 


25 


4 


4 


ZS 


6-4873 


5 


~ 


4-5710174 


3-1060 


^ 


5 


S*468i 


a» 


5 


5 


^ 


80466 


H 


= 


5-4868000 


3-7283 


ZZ 


6 


6.5618 


= 


6 


6 


^S 


9-6560 


7 


= 


6-4006845 


4-3407 


=5 


7 


7*6564 


222 


7 


7 


ZZ 


11-2662 


8 


22 


7-816068 


4-9711 


S; 


8 


8-7401 


MB 


8 


8 


J2 


12-8745 





= 


8-2204514 


5-5024 


=- 





0-8427 


= 








= 


14-4888 



ARE\. 



Bq. IMOB. 

0*1560060 


BQ. 


CENTIMETRE. 

6-451367 

1 


BQ. FEET. 

1 

10 76808 


.— 


8Q. METRE. 

0-09200 

1 


BQ. TABD. 

119608826 


= 


B<). METRE. 

08860972 

1 


Sq. TABDB. 

1 

119-603326 


= 


ABE. 

000636007 

1 


BOOD. 

1 

0.008645 


=: 


ARE. 

10- 11078 

1 


ACRE. 
1 

2 -471 143 


= 


IIECTABX. 

0-4M671 
1 



Thebmometer. 



FAHRENHEIT 
DEGREES. 
1 
1-8 



CENTIGRADE 
DEQREBS 
0-66566 

1 



Heat Units. 

1 LB. WATER 
!• FAH. 

806832 
1 



Calories. 

1 kiloodax 
water \^ cbn. 

1 

0-251996 



CAPACITY. 



CUBIC CUBIC 

INCHES. CXNTIMETBBB. 

1 = 16-88617589 

0-06102705152 = 1 



CUBIC 

1 

35-31658 



CUBIC M. (Stere.). 
» 0088315 
= 1 



minim. 

1 

16-28158 



CUB. CENT. M. 

00616082 

1 



U. B. PINT. 

(WINE). 
1 

21134908 



litbe. 

0-47815088 
1 a 



CUBIC foot. 



0-08581656 = 



CUBIC DBCI- 

(Lftre). 
28-315812 
1 



CUBIC TABD. CUBIC M. (Stere.). 
1 = 0-764513470 

1-3080215 = 1 



FLUID OZ. 
1 

0-083S15 



CUB. CENT. M. 

29-5719289 
1 



U. B. OAL. 

(281 c. I.). 

1 

0264186 



UTBE. 

8*7852067 
1 



U. B. WINE BL. 

(31-5 OalB.). 

1 = 

0-00838666 



LITRE. 

110-234017 
1 



OAL. (IMP.). 
1 

0-2200067 



LITRE. 

4-54346728 
1 



U. B. BUSHEL. 

(2150- 42 c. I.). 

1 = 

0028870185 = 



LITRE. 

35-2871656 
1 



CORD. 
1 

0-275911 



BTBBB 

((Tttbio Metre). 
3-b2430O 
1 



SOLID PERCH (25 CUB. FT.). 
I 

1-412668 



CUBIC M. (Stere.). 
0-7078828 
1 



WEIGHT. 



POUNDS TO 
FOOT. 
1 

0-6719572 


= 


KILOS. TO 
METRE. 

1-48819 
1 


POUNDS TO 
89. INCH. 

14-22282 


= 


KILOS TO BQ. 
CBNTIMETBE. 

0-0708006 

1 


OBAINS. 

1 

15-48881874 


»^ 


OBAMS. 

0-06479805066 
1 


POUNDS (AT ). 

1 

2-2046212 


= 


KILOGRAMS. 

0-458502653 
1 


OE. (AV.\ 

0036274 


= 


ORAMB. 

28-849541 

1 


LBS. TBOY. 

1 

2-670227 


= 


KILOGRAMS. 

0-378241954 

1 



TONS. 

Long (2240 lbs.) 
Short (2000 lbs.) 

Long, 0-9842060 ( 
Short, 1- 1023106 f 



TONNES (1006 kilos.). 

1-0160475 
0-9071853 



GRAINS PER 

U. S. GALLON. 
1 

0-06841463 



MILLIGRAMS 
PER LITRE. 

171189987 
1 



FOOT POUNDS. XILOGBAMBTRE. 

1 =0 188258 

7-««ll4 - 1 



MISCELLANEOUS. 



1 cable Inch water welchs = 252-7574 grainB. 

At. max. d€n*.. Bar. dOiM. Alre2? F. (Bamai-d). 

1 cable foot wat«r weighs = 62-3949096 lbs. 



Icwt. (1121b8) 

Stiarter (28 lbs.) 
rachni 



= 60-80288 kilOB. 
= 12-700606 *• 
= 1 •77185 gnuDB. 
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Aat River. Canal from 10 

▲bbot's Cliff, BlasiiuR at 134 

Abbot, G€ncral Henry L., Expeiirapnta with Explosive com- 
pounds for Sabmortne Blasting foot note 80, 96, 111, 134 

Abegg and Richards, Rotary Rock Drill S97 

▲bmzzl, Eight Days in the 11 

Accidents, 867; in Blasting, 91, 92; with Explosives, 02 ; in 

Shaft* 325 

Acid, Nitric 40 

Add, Enlarging Borc-holcs 40, 54, IIG 

Acre Flat, Heavy Blast at 134 

Actus 11 

Adit in Middle Ages, 12 : In Germany 350 

Advance, Rate of, in Tunnels. (See Progress.) 

iBolns, Car, Propelled by Wind 29 

Afghanistan, Temples of Bamlan 8 

Africanns, Julius 86 

Agrlcola 1, 2, 3, 4, 6, 12, 18,14, 43 

AInsley, David, Drill Patent 886 

Air. (See Compressed Air.) 

Air, Compressed, Early Proposal, 68 ; For Ventilating, 1017 ; 

Firing Shots in 68 

Air Compressors, Uses and Applications of, 185 ; Early Com- 
pressors, 135: Discussion of Varioos Systems employed 
in Designing, Constructing, and Operating Compressors, 
140 : Later Forms, 146 to 176 ; Indicator Diagrams, 170 ; 
Inatmctions for Setting up und Using Compressors, 170 ; 
Efficiency of Air Compressors, 180 ; Loss on Transmission 
of Air, 182; Capacities of Compressors, 183 ; Abstracts of 
American and British Patents, 183, nnd sec 186 ; Literature 
of Air Compressors, 187 ; Nesqnehoning, 290 ; Musconet- 
cong, 808 ; Sutro, 155, 844 ; Hoosac, 829 ; Mt. Ccnls, 171, 
8S0 ; St. Gothard, 868 ; Run by Turbines, 146, 819, 863 ; 
Relative Merits of Wet and Dry, 175 ; Relative Merits of 
Largo and Small, 155. For references to particular malcers 
or patentees, sec their names throughout the index. 
Air Drills. (See Rock Drills.) 

Air Engine at Schemnilz 52 

Air Governors, Steele's Patent 164 

Air Pipes 843, 364 

Air, Vitiation of 843 

Albanns Lake, Tunnel to 10, 11 

Albln, Peter 84 

Albrccht, Duke of Brunswick, Defence of Einbock with Lead- 
en G u n 30 

Albright, J. A., Drill Patent 269 

Alchemy S4, 86 

Alexander of Farrara 85 

Alexandria, Catacombs of, 6 ; Water Supply of 10 

Alexandria, Tj-phon of, Mining and Countermining by 12 

Alfred, Wm., Drill Patent 284 

Algezlras, Guns used at 86 

Algiers, Ancient Tunnel In t 10 

Algiers, Heavy Blast at 184 

Alignment : Shafts in pairs, 80 ; of St. Gothard 362 

Allison & Bannan, Air Compressors 153 

AIIe{(hatiy Portage Railway ^^ 27, 29 

Allen Air Compressor (McLaren), 160 ; Indicator Cards 179 

Allison, Robert, Drill Patent 288, 270 

Alouette Tunnel 19 

Alps, 1, 12 ; Early Tunnels In 12, 15 

Alstcd, Alting 84 

Altenbcig, Air Compressors at 171 
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Amadous, Victor, Tunnel Continued by 19 

Amberg Arsenal, Old Gun in! 97 

American System of Blasting 810 

Ammonium Sal ts 91 

Ancient Tunnels 1»12 

Anderson 89 

Anderson, Dr. James 17 

Anderson, Patent 137 

Anderson , James, Patent ,.. 187 

Anderson, J. C, Patent 187 

Anemometer 105 

Anklitzen, Constantin, Inventor of Gunpowder (alleged lay 

name of Bcrihold Schwariz) 35 

Anne of Luslgnan, Tunnel Driven by 12 

Anthracite Coal, First U»e of Gunpowder in Mining £5 

Antoni 80 

.Antoninus Pins, Tunnel Built in Reign of 10 

Aiitonlazzi. Belidor^s Experiments at 45 

Appleby, Beaumont A, Diamond Drill 226 

Apennines, Ancient Tnnncls through 10 

Aquaria Libra, Used in Roman Sur\'eying 11 

Aqueducts, Ancient 10, 1 1 

Aqueduct, Ooton 80, 81 

Aqueductlbns, De Frontinus 11 

Arabs, Early Use of Guns by, 87 ; Of Gunpowder 80 

Arching: First Tunnel arched in modem times 15 

Arms, Capture by Richard 1 87 

Arnold, Uriah Kline, Drill Patent 292 

Arshwciler Tunnel 19 

Artemidos Speos, Egyptian Grotto 

" Art of Instrument Makers " (Early Name of Guns) 86 

Artesian Wells 250 

Asbestos Powder 101 

Asia Minor, Catacombs in 8 

Asoka, Reign of, in India 7 

Asquith, Thomas Wardle, Drill Patent 288 

Assyrians, Early Tunneling by 9 

Atchlnson, John, Diamond Drill 272 

Atha, J. R., Patent 187 

Atlantic Giant Powder Co., Patents of 99, 100, 103 

Atwater, A. B., Patent 140 

Auburn Tunnel 28 

A ugsburg, Powder Mill at 80, 88 

Austria, Ancient Road Tunnel in, 12 ; Early Tunnels 16, 10 

Austrian System of Construction 10 

Avcntin, Johann 85 

Avemua Lake, Tunnel to 10 

Azotizing Starch, Sngar, etc 02 

Aztecs, Primitive Tunneling of 9 

Azzolina del Acqna, Drill Patent 290 

Boader, his Theory of Blasting 45 

Babbit, B. T., Patent 184 

Babylon, Tunnel and Bridge at 9 

Bacon, Roger 87, 88 

Backing of Arch 808 

Bad Ground. (See Breaks.) 

Baghistan, Tnnneling Through Mountains in 

Bailey, W. W., Drill Carriage 274 

Bain, Richard Donald, Drill Patent S88 

Balagne, Egyptian Temples at 

Balistie, Uij'ed for hnrling fiery bodies 87 

Baldwin, Laommi 96* SIA 

898 
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Ban,A.,DriU Patent 868 

Ball, C. J., Drill Patent ...: 281 

Ball, M., Drill Patent 264 

Ballsofflre 36 

Balmer, Wm., Drill Patent 280 

Baltimore and Ohio Railroad 28 

Bamian, Rock-cut Temples of 8 

Barkel, Gibel, Egj'ptian Temples at 6 

Barlow, H. B., Drill Patent 284 

Bamton 15 

Barr, James 183 

Bars, Drawing of 385 

Barse, M. W., Drill Patent 269 

Bar S>-vtem of Timbering. (Sec EuglUh System.) 

Battels of Tellerf eldl, his Drilling Machine 62 

Berthold Schwartz , . . . . 37 

Barthclson, Cbr. G., Drill Patent 295 

Bartlett, hU Rock DrUl, 211; Patent for, 274; his Drill Car- 
riage , 293 

Barton Viaduct 14 

Barton Patent 130 

Bartow^s Hand-Drill 230 

Base, Salts, Use in, for Dynamite) No. 2 73 to 87 

Battery. (See Electric.) 

Batte, " La Petite " and " La Grossc " 118 

^y De. (See Dc Bay) 

Bnynes, Roderick Walter, Drill Patent 290 

Baza, Use of Guns at 37 

Beach, Treat S., bis Rcnd-Rock Powder, 86 ; his Patent 101 

Beaumont, F. E. B. , Drill Patents 284 

Beaumont & Appleby, Diamond Drill 229 

Beaumont, Frederick E. B., and Jos. Foster. Drill Patents 286 

Belgian System uf Timbering and Arching, 16, 365 ; Applica- 
tion at St. Gothard 365, 368 

Belgium, Early Tunnel in 19 

Belgrade, Gunpowder used at 41 

Belidor, hi« Globes of Compression 45 

Bellingham, Tom, Drill Patent 293 

Belos, Temple of Jupiter 9 

Bell, H. P., Drill Patent 265 

Belle Isle, Duke of 45 

Bench Carriage, 811, 330 ; Taking np Bench, 330 ; Blasting of 

114,228,311; Rate of Progress 871 to 301 

Benedictine Monk, Inventor of Gunpowder 85 

Bengal Satapani, Cave in 7 

Beni Hassan, Egyptian Grotto at 6 

Benninga £;ggerich 36 

Benzole, Nitro In Explosives 101 

BcrgstrOm Drill Patent 296 

Bergwcrck Buch. (See Agricola.) 
Bericht von Bergwerck. (See Loehnyss.) 

Bemouiili 39 

Berthold Schwartz, 34, 35 ; Berthold, 35, 36 ; Berthold Niger. . 35 

Bcziers, Ancient Drainage Tunnel near 12 

Bhaja, Cave at 7 

Blckel W., Drill Patent 260 

Bickford's Safety-fuse 53, 110, 864 

Blenna Lake, Ancient Roman Tunnel near 10 

Bigot de Morogues 89 

Blnbey, Horace 28 

Birmingham Canal 15 

Bits for Drills, 114, 115, 116, 216, 219, 242 ; Size of, 310, 313 ; 

Kind of Steel, 844; Bits, 207, 278, 242 ; iS Bits 278, 357 

BjOrkman, C. J.. Patent of 104 

Black Bock Tunnel 89, 30 

B!ake, Drill Patent 284 

Blake, George F., Patent 186 

Blake, John, Assignee of Drill Patent .... 272 

Blakcwell. Hosking &, Drill Patent 284 

Blasting, History of. Chap. 2 ; Constituents of Explosive Com- 
pounds, Chap. 3 ; Principles of. Chap. 4 ; Early intro- 
duction into mining, 40, 41, 42, 43, 46>55 ; Leather and 
Pasteboard Cartridges, 51 ; Needle for, 51 ; Reeds used, 51 ; 
Tamping with Clay, 51 ; Tubes for, 51 ; Chisel-bits, 51, 52 ; 
Crown and Cone Drills, 52 ; Hollow Space left in Charging, 
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69, 113 ; General introduction at Fricberg, 6S; Narrow Drill 
Holes introduced, 62; One-hand Drilling, 62; Simultaneous 
Firing, 52; Wooden Needles, 62 ; Wooden Plug, 52 : Hol- 
low Needles, 53 ; Needles of Lead and Tin, 53 ; Oxy hydro- 
gen Gas used in Deepening Bore-holes, 53 : Subaqueous 
Spontaneous Ignition, 68 : Whalebone Needles, 53 ; Bore- 
hole Enlarged by Acid, 54 ; with Electric Fuse, 98; Acci- 
dents in, 92, 93 ; Submarine, 101, 252, 890, 891 : Fuses and 
Squibs, 109 : with Static Electricity, 111 ; Tamping, 112 ; 
Tools used in, 114-118 ; Use of Expanding Bores, 116 : 
The Hammer, 116; One- and Two-hand Drilling, 118 : Lino 
of Least Resistance, 118 ; Principles of, 118 ; with Black 
Powder, Rules for, 118-123: Rules of Blasting, 119-134 ; 
Discussions of Volumes Thrown, 123 ; Position, Depth, 
and Number of Drill-holes, 125 ; Cost of Extraction, 1*27 ; 
Dimension of Bore-holes, 128 ; Use of the Higher Explo- 
Bives in Tunnels, 133; Record of Heavy Blasts, 134; 
Blasting with QuIck-limc, 134 ; with Cenler-cnt or Ameri- 
can System, 114, 228, 310, 344. 347 ; of Bottom Bench, 828, 
311; with Dynamite, 810, 864 ; with Nitroglycerine, 822, 
826 ; System at Mnsconetcong, 310 ; System at Sutro, 347 ; 
System at Mont Ccnis, 856 : System at St. Gothard, 364, 
865 ; Blasting at Flood Rock (Hell Gate), 252, 890, 391 ; 
Accidents in. 367 ; Costof, 885, 848, 867,870, 877,382: Elec- 
tric Blasting, 53,110, 814, 322: Early Attempts at Simultane- 
ous Firing, 40, 52; with Electro-Dynamic Machine, 111 ; with 
Voltaic Battery, 111 ; Pasiey's Iron Cones and Use of 
Electricity, 53 ; Mowbray's Battery, 111 ; Smith, H. J., his 
Batter}', 111 : Amount of Wire used, 314 ; Bombard t's 
Electric Machine, 54 ; Ebner's Electric Machine, 111 ; In- 
stances of large Blasts at Dover ClifFs and elsewhere, 134 ; 
U. S. Blasting Oil Company, Patents of, 99 : Baadcr's 

Theory of Blasting, 45 ; Bickford's Fuse 53, 110, 3&1 

Blatchly, A., Drill Patent 263 

Bllsworth Tunnel 15 

Bloem, Gustav, Patent of 106 

Blondus, Flavius 34, 85 

Blowers, Root 342 

Blumenreich, Max, Hydraulic Drill 293 

Boetzberg Tunnel 370 

Bceotia, Ancient Tunnel in 10 

Bohemian from Weraw, Inventor of Gunpowder 35 

Boilers at Musconetcong 313 

Bols, Jas. M., Patent 185 

Bolognn-Pistoja Railway 19 

Bombarda 35,36,87 

Bombardam 37 

Bombardis 87 

Bom bards. Heavy Shot used in 86 

Bombardulam 87 

Bombay, Buddhist Caves in Presidency of 6 

Bombshells, Use of Picrates and Nitxo-glycerinc in 50, 91, 99 

BompasPatent 136 

Bone-dust, Mixing with Gunpowder 61 

Bonsfleld, G. T., Drill Patent (Ferroux) 28S 

Borchers, E 351 

Bore-holes : Enlarging, 45 ; Oxyhydrogen Gas used in Decp- 

ening,63; Dimensionsof 128 

Borers, Expanding. 46, 1 16 

Boring, Early 18 

Bomhardt, his Electric Machine 54 

Bottom, Blasting of. (See Bench.) 
Bottom-heading. (See Heading.) 

Bougie, Ancient Tunnel near 10 

Boulton,M. P. W.,Patent 140 

Bowers* Air Compressor 158 

Braconnet 40 

Bradbum J.,Drlll Carriage 274 

Brains, Blasting Powder 85 

Braminical Origin, Temples of 6 

Brandon, J., Drill Patent 287 

Brandon, Raphael Hunter, Drill Patent 292 

Brand, his History of Newcastle 18 

Brandt, Alfred, hhs Hydraulic Drill, 216 245 ; his Patent, 269 
and see Lake, W. R 287 
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BnusGnnB. 48,49 

Breaks of Timbering in Tunneling 806, 806, 842 

Breecia, Early QM of Maskets at 87 

Brest, Cartloof, Early nse of Cannon at 86 

Bridgewatcr, Dnkcof 14, 15 

Bridge at Babylon 

Brinley, Jamea 14, 15 

BrodAas. Johann ^ 84,85 

Brooke, Sir John 30 

Brooks, W., Drill Patent. (8co Brooks, Gates & Barlcigh.) 
Brooks, Gates A Borleigh Rock Drill, 802 ; Patent for, d60. 

CSecalso Axzollnodell Acqna) 296 

Brookfleld Tiuinel, Machine DrilHngat ,, 802 

Brown, Andrew Bm Drill Patent 885 

Brown, John, Drill Patent ...' 272 

Brown, John, Hr., Drill Patent 201 

Brown, Thos., Drill Patent 279 

Brown, William Morgan, Patent 188 

Brown, Drill Patent (Bnrlclgh) 284 

Brand, CoUadon's Proposal to him to nse Compressed Air in 

Thames Tunnel... .....^ 180,187 

Brunei, Patent for Air Compression 186 

Branel, M. 1 15 

Brnnton, John D. , Drill Patent 885 

Branton, John D., and Geo. Branton, Drill Patent 886 

Brnnton, Compressed Air 53 

Brnnton*8 Tunneling Machine 191 

Brashing the Bad AlrOot 14 

Brydon, R., Drill Patent 865 

Bo-don, Drill Patents, 881 (Nos. 8,507 and 3,081), 888 (No. 1,901). 

Brydon & Davidson, Drill Patent, 888; Drill Carriage 893 

Brydon, Davidson A Warrington, Drill Patents (Nos. 8,507 and 

8,981) 881 

Bryer, Samuel G., Drill Patents, 870, 871, 878 ; Br^'crDrlll. . . . 884 

Buch, John, Early Use of Cannon by 86 

Buchholzer 34 

Backminster, Prfescott B., Two Drill Patents 860 

Buddhist Origin, Temples of 6 

Bullart 84 

Bunting, Hcinrich 34 

Burdett, Joseph and Arthur, Drill Patent 885 

Burgundian, Inventor of Gunpowder. 86 

Burleigh AtrComprcssor 140, 151, 158, 890, 808 

Burleigh Drill, 807, 809, 886, 80O, 895, 898 ; Patcnto, 861, 868, 

866, 869 ; see also *' Brown,'' 884. 

Burieigh Drill Carriage 881, 838, 874 

Burning of Shafts 895 

Burning Poflts, in Undermining in Warfare 41 

Burson , James, Patent of 101 

Burstcnbendftr, Otto, his Patents 100, 105 

Burt, W. R., Drill Patent 868 

Burton, Chas. M., Drill Patent 993 

Busbell, Henry, Patent 188 

Butier, J. D., Drill Patent 960 

Bybliandcr, Theodor 84 

Bj'zantines, Use of Greek Fire by 86 

Caaba, Balls of Fire thrown by Naphtha on 86 

Callgny Compressing Air, 58 : Application of Hydraulic Ram. 187 

Calinicusof Hcllopolls 86 

Campnuusc, Subterranean Conduit -' 18 

Canal Building : Modern Revival of, 14 ; in EngUind 14 

Canal Tunnels : English, 15 ; Castile, 16 ; Noirien, 16 ; Charle- 

roy, 16 : Ponllly, 16 ; St. Aignan, 16 ; Sweden (Carisgmf) 16 
Canals, Eariy Ones in America, 11MCT ; Eariy ones in Canada, 
81 ; Birmingham, 15 ; Givors, 15 ; St. Qnentin, 15 ; Grand 

Trank, 16 : Union, 87 ; Delaware and Hudson 88 

Canals, Tunnels on 18, 15, 16, 80 

Cane Sugar, Nitro 62 ' 

Cannon, Invention and Early Une of, 34-38 ; Cannon Balls of 

Stone 48,40 

Caps, Fulmlnatfaig, 68, 98, 111. (See *' Detonating ** or " Ful- 
minating.*') 

Cards, Indicator, of Air Compression 175 to 179 

CiriL (SeeKarh). 
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Carriages for Rock Drills, 819, 888, 874, 800, 364; American 

Patents, 873, 874 ; English Patents, 298 ; for Bench 811, 880 

Carroll, Charles 88 

Carter, Wm. Ormc, Drill Patent 896 

Carthage, Catacombs of 8 

Cartledge, Thos., Patent 187 

Cartridges 51,118 

Case, G. F., Drill Patent 968 

Castelain, Drill Patent 894 

Castellanos Prndencio, his Patents 108 

Castile, Canal Tunnel in 16 

Catacombs 5,8,0 

Caves, Natural, Rock -Cut Egyptian and Hindu 6 

Cav6, his Rock-Drill, 195, 196 ; his Patent 291 

Caverns of Thebes 8 

Cawley, his Early Steam Engine 16 

Cclano Lake, Tunnel to 11 

Cemetat, Good Character of Ancient 10 

Cenii?, Mont, Tunnel of, 10, 368 ; Alr^comprcssing Rams at.. 171 
(See Mont Cents.) 

Center Canal 14, 16 

Center-Cut Blasting 114,298,810, 344 

Center Core System. (See ** Belgian" and '^German'* systems.) 
Cliallenges Mines, Hugon's System of Fire Excavation at ... . 1 

Chamber, Enlarging by Fire 8 

Champonois, Rotary Rock-Drill 897 

Chaplain, Devil's 80 

Chapman. (Seo Thames Tunnel .) 

Chaige of Powder, 44 ; of Explosives 40 

Charging Holes in Blasting, 108 ; Bore-Holes, Hollow Space 
in, 45: of Nltrorglyoerine or Dynamite, 118, 118; with 

Electric Fuse 98 

Charleroy Canal Tunnel 16 

Charles I., Decree as to Saltpetre 88 

Charters, Early Railway 98 

Chaterinot 34 

Cheuot, Drill Patent 284 

Chester, Stephen, Patent of 100 

Chhiese, Early Use of Gunpowder by, 80 ; Early Use of Guns 

against, by Tartars, 87 ; ChineseBoring 188 

Chioza, Early Use of Firearms at 35, 88 

Chisel-Bit, in Drilling 58 

Chlorate of Potash Powders 61, 87, 101 

Chorobates Used in Roman Surveying 11 

Chorc^;raphia, Grey's 17 

Chronological Table of Explosives, Drilling and Blasting 46-65 

Chncksand Drill-bits 816 to 819, 848 

Church. John A 889,848, 848 

Clark, A.M., Drill Patents (Nos. 1,670 and 886) 884 

Clark.James 86 

Clark, Wm. Timbrcll, Air Compressor, Patent. 186; Drill Patent 888 

aark. Shore and, their Drill. 844 

Clay, Swelling of , 848 

Clayton, Air Compressor, 168, 188 ; Indicator Cards 175 

Clayton, James, Patent 184 

Clement, Arminins, Patentof. 101 

Cloaca Maxima Sewer*. 11 

Clyde, Blasting on the 184 

Cood, James, Patentof 104 

Coal, Amount Burned at Mnsconetcong 813 

Coal, Mining in the United SUtes, Eariy History 85, 26 

Coal Trade, Early 17 

Coal Transportation, Early 17 

Cocceins, Pausilllppo, Timnel Built by 10 

Cockerill, Air-Compressor 155 

Cochlius 84 

Cody, John, Drill Patent 868, 964 

Coo, L. W., Drill Patents (Nom. 174, 8SS and 175, 981) 967 

Colbert 18 

Col dc Tenda . . . 18 

Colladon, his Proposal to Brunei to use Compressed Air in 
Thames Tunnel, 186, 187 ; CoUadon's Patents, 187; His Air 

Compressors at St. Gothard 868 

ColUidon, TorretinI 4t, Drill Patent. (See H. B. Barlow) 884 

Cologne, Mention of Goapowder at 86 
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Colonia Powder 88 

Colowi, at Cave of Ipsambonl 6 

Colombia and Philadelphia Railway S6, S8 

Company Work contrasted with Contract 825 

Comprcsiied Air, £arly Proposal, 58 ; Firing Shots In, 53; 
Early Hlsloiy of, 185: First ase of in Rock Drills, 195, 207; 
Use of In Tunnels, 298 ; for Locomotives, 866. (See Air 
Compressors.) 
Compressors. (See Air Compressors.) 

Comstock Lode 387 

Conduit Water, at Alexandria 10 

ConeDrill f. 52. 108 

Conemaugh Tunnel 26, 27 

Cones, Pasiey's (Iron), 53 ; inBlasUng 112 

Constantlne IV., Use of Greek Fire by ... 86 

Constantinople, Aqueduct at 12 

Contract Work, Advantages of, 825, 827 ; for St. Gothard Tun- 
nel, 880 ; Sub-letting Contracts 368 

Converse, H. D., Drill Patent. (See De Pass, Ernest) 285 

Coopcr,Peter 29 

Copals Lake, Ancient Tunnel in Bccotia, near 10 

Copeland, Charles J., Drill Patent 286 

Copper, Fulminate, 53 ; Sulphtdis and Phosphite of 92 

Cordova, Gonjsales de 13 

Comazzani, Antonio S} 

Corporators of Early Railways lu the United States 28 

Cosmographic, Sebastian Mnoster*s 84 

Cost, Early, of Tunneling, 27 : of Excavation, 27; of Machine 
Drilling, 800, 812, 835, 345, 358, 867; of Plant for Tunneling 
801; of Masonry, 27 ; of Labor, 845, 889 : Early Estimates 
of Hoosac, 818 ; of Mont Cenis Tunnel, 350 ; of Work at 

Sutro Tunnel, 345; of St. Gothard Tunnel 860 

Cotton, Gun 40 

Cotton Powder Co., Patents owned by 107 

Couch, his First Rock Drill, 196; his Second, 200; Drill Pat- 
ents 250,260 

Coughln, T. T., Patents 189 

Courteille, Herrenstein, Patent of 108 

Countermining, Military 12 

cfoxe, Sckley B 1 ; footnote 222 

Cowper, E. A., his Tunneling Machine 192 

Cranston, John Grey, Drill Patent, 272 (No. 22,888), 280 and 
281 (Noe. 1,482 and 1.455). 

Crater in Blasting 119,123 

Crease, E. S., Drill Patents (Nos. 464, 2,624, and 296) 278, 279 

Crocy, Guns at Battle of 36 

Crispin, W. H., Patent 130 

Crocodiles, Grotto of 8 

Crocker, Alvah .- 325 

Croton Aqueduct , ao, 31 

Crown Drills 62, 108 

Crusaders 87 

Crypt 12 

Cnllingworth, G. R., Drill Patent 265 

Cumes, Ancient Tunnel at. .• 10 

Cummings, Thomas, Drill Patent iKt) 

Cummings, Uriah, 260 ; Two Drill Patents 271 

Cnmptteh Tunnel 19 

Curtis & Harvey, their Gunpowder .62, 97 

Cuts, Center. (See Center Cut Blasting.) 

D*AbouvilIo 45 

Daddow's Squibs 109 

Delecarl lers 41 

Damietta, Defense of....' 87 

Dams in Mining, 806 ; at Hoosac, of River 819 

Damouritc 304 

Dandour, Rock Cells at 6 

Danes, Use of Fire-arms 84 

D'Arcy 89 

Darlington, J., Drill Patents (Nos. 2,657 and 1,734). (See Tur- 

retlni), 280, 281 ; al#o No. 4,046 287 

Darlington, Jordan &, Drill Patents (Noe. 8,895 and 8,886) 279 

Darlington, Stockton &, Railway 16 

Darts, Shot from Cannon 86 
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Datichy, L. F., Patent 133 

Datus, Nonius, Tunnel Built by 10 

Da>id5on, J. S., Drill Patent 265 

Davidson, Drill Patents (Nos. 8,607 and 8,921), 281, (No. 1,001) S82 

Davidson, Brydon &, Drill Patent, 282 ; Drill Carriage 293 

Davidson. Bry don, & Warrington, Drill Patents (No. 8,607 

and 3921) 281 

Davis, Phi neas 29 

Davy, Dr. E., SenHtive Powder 53 

Dawes, J. S., Patent 139 

Dean, Gilbert S., Patent of .... 107 

De Bay, Chas. Spruyt., Air Compression 288 

Decomposition of Fulminates 91, 92 

Deep, Georg Adit 851 

Delhi, Temple of : 8 

Delius,C. T., Art of Boring 188 

Delphic Oracle, Tunnel Constructed at instance of 10 

Delaware and Hudson Canal 28 

De la Haye, Drill Patent 294 

De la Hire 39 

Dcmonte 40 

De Pass, Erneet, Drill Patent. 285, 291 

Derri, Egyptian Temples at 6 

Dessignolles Powder 91 

Detonation, 96 ; Detonating Character of Explosives, 61 ; De- 
tonation of Gunpowder, 68, 75; of Nitro-giycerine, 08; 

Discovery of Detonation, t& ; Detonating Powders. 91 

Detonators 92 

De Saluce 89 

Devil's Chaplain 86 

Diamond, Ancient Use of in Stone-cutting 28 

Diamond Drill, 222; Beaumont & Appleby's Patent, 220; 

American Type, 227 ; in Shaft- Work, 228 ; at Sutro 844 

Dleckerhoff, Adolf, Patent of 109 

Diodorus 1, 6 

Diopters (in Roman Surveying) 11 

Dittmar, Carl, 87 ; Patents of '. ....100, 101, 102 

Divine, Silas R., Pat enU of 107 

Doane, Thomas, 65, 146, 147, 148, 202, 206, 219, 316, 822, 324, 881, 

838 ; his Air-compi-cssor, 148 ; his Drill Carriage Patent .... 27 
Dodd. (See Thames Tunnel). 
Doering, F. B., his Drill Patents (Nos. 72,465, 77,597, 48, 1,704, 

1,980, 2,965) 262, 263, 279 ; his Drill Carriage 278, 298 

Doering and Twig, Drill Potent 279 

Dope, Explosive, 71. (See also Giant Powder No. 2),\ 73 to 87 

Doremus, Willard D., Patent 184 

Doria, Peter 86 

Doty, J., Drill Patent .* 264 

Douay, Experiments of Yauban at 45 

Dover, Heavy Charges at, 63 ; Blastin<;at f. 184 

Downhill, Heavy Blastat 134 

Drain, Vaulted, at Nimroud Palace 9 

Drainage, 10, 12, 866 : by Bottom Headings, 814 ; Side Drains, 807 

Dresser, MathAus. 84 

Drill Patents. (See Rock Drills.) 259to297 

DriU Bits. • (See Bits.) 

Drills, Cone, 52, 108; Crown, 108; Steel for, 800, 844; Kinds of. 114 

Drill Carriages. (See Carriages.) 

Drill Hammers, Bmnton's Use of Compressed Air 58 

Drill Holes, of Large and Small Diameter 44 

Drilling and Blasting : Early Trials, 40, 41, Ai, 48; First Appii- 

* cation of, in Mining, by Weigei, 42 : Plugs, Wedges, and 
Cones in Tampinz. 45, 46; Tamping, 45; Expanding 
Borers, 46, 116 ; Enlarping Bore-holes, 45, 46, 146 ; Adds 
Used in Enlarging Bore-holes, 46: Ozyhydrogen Gas, used 
in Enlarging Bore-holes, 46 ; Chronology of, 46-55 ; Car- 
ried from Hung.iry to Germany, 51 ; Drills, 114 ; One or 

* Two-Hand, 1 17; Hammers, 117. (See " Blasting ''— " Cost.") 
Drift, Eulaiging by Fire-eettlng System, 2 ; Ancient Timber- 
ing of 12 

Dry House, 94; for Dynamite 72 

Drop Drills 188,189,250 

Drum, Reverberation of, to Detect Undermining 41 

Drysdale, Juo., Drill Patent 290 

Dualin, 87; Patentof 100 
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Daboi«-Fhiii9oUi, Air Compreesor, 155 ; Drill Carriage, 821 ; 
Drill Patent. (See F. D. Watteao, 880.) Drill ii«ed at St. 

Gotbard 3M 

Dttbrariufi 84 

DuUen, Old Bore-holes, Marks at 43 

Donn, Wm. Wallace, Drill Patents 860, 886, 288, 291 

Dnst of Gunpowder 38 

Dynamic Air Compressors, 170 ; RockDrlll 243 

Dynamite, 40, 809, 313 ; Properties of, 70 to 80 ; its Strength, 
78 ; Frozen, 78, 94, 108 ; Thawing of , 78, 04 ; Tests of, 80 to 
86 ; Storage of, 98 ; PatenU for, 100 to 102 ; Trauzl's Fuse, 
110; Process of Chaiiging, 118, 118; Comparative Effect 
of Dyuamiicand NItro-glyoerine, US ; Comparative Effect 
of No. 1 and No. 3 Dynamite, 86, 114 ; Amount used at 
Mnaconctcong. 314 ; at Hooaac, 828 ; Blasting with, at 

Sutro, 344 ; at St. Gothard 364 

Dynamite No. 1, Composition of, 71 ; Properties of 72, 73 

Dynamite No. 8, Composition of, 71, 73, 83 ; Properties of , 78 to 87 
(Sec also 06.) 

Dynamite, XX (Judson Powder) 88, IO4 

Dynamite, Gum 65,90,298 

Dynam I te, Nltro-ccll ulose 88 

Early Tunnels of Unitc<l States 30 

Earthenware, Balls of, Filled with Greek Fire 87 

East, Early Use of Gunpowder in the 86 

Eastward, Jos. and Miles Kennedy, Drill Patent 868 

Ebncr, Baron, Electric Machine Ill 

Eckart, Wm. R., Patent 185 

Eclipse Drill 255 

Edwards, E., Compressor Patnnt, 171. 167 ; Drill PatenU (Noa. 

541 and 1,880), 881 ; (No. 8,342), 284 ; (No. 8,774) 880 

Edwards, F. U., Patent 139 

Egnatius 34 

Egypt, Ancient Excavations 1, 8, 5, 6 

Einbcck, Defence of. (Sec Albrecht.) 

Electric Battery, Thonwon's E3 

Electric Current in Ignitlug Gunpowder 58 

Electric Exploders Ill 

Electricity, Firing by, 39 ; Proposed by Franklin, 89 ; Pro- 
posed by Priestley, 30 ; Moses Shaw's Patent, 40, 00 ; Ap- 
plicatlnn of, 53, 93, 110, 111,314, 382, PatenU for Fuses, 

99 to 107 ; Wire U»ed, 314 ; Electricity from Human Body. 03 

Elephanta, Hindu Caves at 8 

Elizabethtown Tunnel 86, 80 

Elliot, A. H . , Drill Patent of 893, 890 

Elliot, (kK). Wm., DrillPatent 898 

Elliot, nenry,DrilI Patent 291 

Elliot. W.H., Drill I»ateut..., 270 

Elllotc, Gilbert R., Drill Patent 870 

Elilotc, J. B., Drill Patent. 870 

Ellora, Hindu Caves at 8 

Emach, Charles , 484 

EmlBStfia 10, 11 

Engels . 87 

Engineering, Modem Revival of, 13 ; Early, in America 19 

England, Canal Tunnels in, 15, 10 ; First Locomotives io, 10 ; 
Early Railway Tunnels in, 16, 19 ; Manufacture of Saltpetre 

in , 38 

Enlargement. (See Bench.) 

English System of Timbering and Arching, ICw (See also 
Timbering.) 

Eriebitz Tunnel 19 

Ernst August Adit 851 

Escbweiller Tunnel. (See Arachwiller.) 

Essaban, Rock Cells at 6 

Essonc, Early Powder-mill at 38 

Estc, Muigrave, Early Use of Guns by 36 

Ethiopia, Ancient Mining in 1 

Etruscans, Catacombs of the, 8, 9 ; Emisaaria of the 10 

Enpalinus, Builder of the Samos Tunnel 10 

Euphrates, Tunnel under 9, 10 

European Systems of Timbering and Arching; Evans' 

Patent 130 

Brans, W. J,, DriU Carriage 274 
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Evora, Aqueduct of 18 

Exp:mding Borers 40, 116 

Exploders 78, 98,111 

Explosion, Difitingnished from Detonation 4 96 

Explosive Componnds, History of. Chap. 8 ; Properties of. 

Chap. 8 ; Relative Economy in Use of, 86, 98 ; Storage of, 

98 ; Volume of Gas from, 95 ; Heat Developed by, 95 ; 

Ratio of Strength, 73, 95, 96 ; of First or Second Order, 96 ; 

American PatenU 00 

Explosive Dope. (See Dope.) 

Explosive Gelatine. (See Gum Dynamite.) 

Explosive Reaction 56 

Explosive ReogenU, General Properties of 96 

Exudation of Nitro-glycerine from Dynamite, 78 ; from Dna- 

lin, 88; from Gum Dynamite 90 

Faber, Jacob, Hand Drill 898 

Fa9ade of Ipsambonl Temple, 5 ; of Lomas Risbl Cave 7 

Padglff 58 

Farren, B. N 884,885 

Fanchet, Claudius 84 

Faure, Camlllu A., Patent of 105, 107 

Favre, Louis 860, 861 

Feather, Thomas, Air-Compressor 887 

Feely, Richard, Patent 189 

Fell, Richard and James, Patent 187 

FelsObanya, Fire-setting at 1 

Fcrrl. his Powder-mill 88 

Ferronx Drill, 864 ; Patent of, 867. (See also G. T. Bons- 

fleld.) 888 

Festlnlog Tunnel, Air Compressors at 171 

Fibre, Wood, Action of Nitric Acid on 40 

Firc,Ba.l6of 86 

Fire-arms, Invention of 84-88 

Firing by Electricity 80, lli 

(See "Blasting," "Electric") 

Fire-Setting System 1, 4, 5, 8, 18, 45 

Fireworks 87 

First Mining Tunnel in United SUfees 88 

(See Auburn.) 

First Order. Explosives of 96 

First Railway in United States 85 

Fish's Air Compressor 165 

Fi?h, (3eorge Henry, Patent. ISO 

Fitch, John, Early Stcam-Englne 16 

Flagler, Harvey Clapp, Drill Patent 889 

Fiaminian Road, Ancient Tunnel on 10 

Fleming J., Drill Patent, 268 : Drill Bit Vt% 

Flexible Shaft. Stow's 1 84S 

Flood Rock, N. Y., Rate of Progress and Cost at 852, 300, 891 

Flood at Hoosac 838 

Flores, Demonte, and MC'uard 40 

Flower Air Compressor 190 

Fontenay Drill Patent 296 

Foote, C. D.. Drill Patent .' 288 

Force of Men 311,313,864 

Ford, Thomas B, Drill Patent 287,263 

Forsyth, Geo., Drill Patent 291 

Foi^ter, Jos. & F. E. B. Beaumont, Drill Patent 886 

Fowle, bis Connection with the Conch Drill, 196 ; his Rock 
Drill, 203 to 207 ; his Patent Bought by Burieigh, 810 ; DrUI 

Patent 860 

Fowler, S., Patt* nt of 105 

France, Fire-setting Used In, by Hugon, 1 ; Early Canal Tun- 
nels, 18, 15, 10 ; Early Railway Tunnels, 19 ; Eariy Powder- 
mills 88 

Franciscan Monk, Inventor of Gunpowder 85 

Franklin, his Proposal for Electric Firing 89 

Frazier, Prof. B. W 56, W 

Frederick, Defense of EInbeck against SC 

Freiberg, Timbering in Mines of, 16 ; Inventor of Gunpowder 
Bom in, 35 ; Statue of Berthold Schwartz, 85 ; First Blast- 
ing at, 48 : General Introduction of Blasting at, 50 ; Early 

Consumption of Powder in Mines of 44 

French Sy stem of Con straction , . 16 
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Friction of Air, in PIpcg 842 

Friesland, Uic of Guns in. . : 36 

Frisia, Eastern, Ubc of Guns l:i 86 

Frit*, Job., Drill Patent 202 

Frixell, J. P., Drill Patent 283 

FrolIch'sDrill 245 

Frolich, Julius, Drill Patent 290 

Frolich, Theodore, Drill Patent 290 

Frontinus : 10, 11 

Frost,B.D 317 

Frozen Dynamite 72, 94, 108 

Fuccin8,J 84 

Fuchs, C. Feodor, Patent of 101 

Fucinus Lake, Emissarlnm from 11 

Fulgurite 102 

Full Area Tunneling Machines 102,319 

Fulminates, 40 ; Fulminating Silver, 40 ; Berthollet*s Powder. 
02 ; of Copper, 53 ; Fulminating Cnps, 6B, TO, 78, 92 ; Ful- 
minating Powders, Patents for 09 to 107 

Fulton, Robert. . ; 17 

Fumes» Granite Quarry, Blasting at 134 

Fuse, Early Forms for Nitro-glycerine, 69 ; Fulminating, 92 ; 
Blasting Fuses, Patents for, 99 to 107; of Dynamite 
(TranzPs), 110; Electric. Ill ; BicIifordV 110, 964 

Gad, Pick and Gad Woric 12,18 

Gadder, Wood's 242 

Gaddon, James, Patent 187 

Gaines, Thos. N., Drill Patent 269 

Gale, Mixing Ground Glass with Gunpowder 53, 61 

Galileo, on proportion of Ingredients in Gunpowder 30 

Gallaher, Philip M., Pfttent of 106 

Galvanic Current in Igniting Gunpowder 56 

Garay, Blascode, Early Steam-Engine 16 

Gard Raiiwoy 19 

Gardner, G. A., Drill Patent 280,261 

Gardner. Wm., Patent 184 

Gardner, Hotchkiss Drill (foot-note) 265 

Garigliano River, Emissarinm 11 

Garrison, Wm. F., Patent 184 

Gases of Gunpowder, 56 : of Halozylenc, 60 ; of Xltro-glyccr- 

ine, 67 ; of Dynamite, 73 ; Volumes of, from Explosive 

Substances 95 

Gassarus, Dr. Achilles 84, 85 

Gates, 8. F., Drill Patents 260,261 

GeachDrill 251 

Gelatine, Explosive. (See Gum Dynamite.) 

Genebrard, Gilbert 84,83 

Genoese, Early Use of Fire-arms by 85 

Georg, St., Mines of 1 

GeorgAdit 25 

Geology of Nesquchoning, 299 ; of Musconetcong, 808 ; of 

Hoosac, 815 ; of Sutro, 387 ; of Mont Cenis, 853 ; of St. 

Gothard ♦ 3G2 

German Gunpowder 61 

German System of Timbering and Arching 16, 19 

Germany, Fire-setting System iu, 1 ; Invention of Gunpowder 

in 88 

Geuss ' 45 

Giant Powder, 70, 225 ; Storage of, \& ; Atlantic Giant Powder 

Co.*s Patenu, 99, 100, 102. (See Dynamite.) 
Giant Powder Xos. 2-71, 73, 102, 114, 811, 814. (See Dynamite.) 

Gib-el-Barkel, Temples of 6 

Gibraltar. Early Use of Guns at 87 

Gldly, Drill Patent ,...,.. 263 

Gier, Rive de, Tunnel 12, 15 

Gilardeau, Patent ,..,..., 138 

Gioiglo, Francesco di, Early Use of Gunpowder by , , , . . . 41 

Girard, Stephen *. ,.,.,,..,, 28 

Girsheh.Rock Cells at ,,..,,..,, 6 

Githens, Geo. M.. Drill Patent 271, 278 

Oithen^, J. C, Drill Patents (Nos. 158,060. 161.681, and 102.802), 

364. 265. (Nos. 164,990 and 164,991), 266 ; (Nos. 166,278 and 

167, cao, and 188,045) , , ,,.., 267 
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Givors Canal , 12,15 

Glass, Grains of Gunpowdi-r Enveloped in, 53 ; for Absorbent 

in Dynamite 88 

Glass, G. F., Drill Patent 2C8 

Globesof Compression 45 

Glonoinc 65 

Glycerine, Nitro C5toT0 

Godolin, his Pnriflcation of Saltpetre 89 

Goetz, PatenU of 105 

Gomex, Edwin. Patent of 101 

Gonzalvo de Cordova 12 

C!oodwin,W.W., Drill Patent 265 

Goskir, Firc-sctting System Used at. 1 ; Inventor of Gunpow- 
der Bom at, 35 ; Early Use of Gunpowder in the Rammels- 

bergat 40 

Gotham, Sanford O., Patent of 106 

Gothard. (See St. Gothard ) 

GOttingen, Early Use of Gunpowder at 41 

Gonbert, Augusto A., Drill Patent 268,289 

Grtfcchus, Marcus 87 

Grade, Headings Driven against, 290 ; of St. Gothard Tunnel, 

861 ; Heavy, on Baltimore and Ohio Railroad (foot-note). 28 

Graham, Wiliiaro, Patent of 106 

Graining of Powder 88 

Grand Junction Canal 15 

Grand Trunk Canal 16 

Granger, W.P 66,825 

Grant's Hill Tunnel 26,27 

Grapanldus, Marcus 84 

Grass, Angustin, Patent 138 

Gravesend. (See Thames Tunnel). 

Gray, Thomas 17 

Graydon and Denton Mfg Co.'s Air Compressor, 170; their 

RockDriU 242 

Greek Fire, 36, 37, 48; Used by Julius Africanns, 86; Arabs 
Besieging Mecca, 86 ; Emperor Leo, 86 ; Callinlcus of Heli- 
opolis, 86 ; Emperor Constantlne, 86 ; Greeks, 36 ; Byzan- 
tines, 36; Melech Seraph 87 

Greeks, Catacombs of , 8 ; Use of Guns by 87 

Greene, Edward, Patent of 108 

Grim8haw,Dr. Robert 56, 18^ 181,188 

Grey's Choro<;raphia 17 

GriMth and Wedge, Air Compressor .156, 169 

Grisby, Robert F., Patent 140 

Grfxby's System of Air Compression 188 

Gros, E. le. Drill Patent 281 

GrOsslass, Early Use of Gunpowder at 43 

Grotto,Hlndn 8 

Ground, Bad, Hea%7, or Treacherous. (See Breaks.) 

Grubs. John, Drill Patent 270 

Gnericke, Otto Von 136 

Grundy, John 15 

Guilford, Simeon 18, 22, 27 

Gulland, Jas. A., Diamond Drill '. 298 

Gum, Action of Nitric Acid on 40 

Gum Dynamite 55,90.268 

Gumpoldskirch Tunnel 16, 19 

Gun; Invention of, 34-38; Leaden 86 

Gun-cotton, Discovery of, 40 ; Propertiei' of, 62 ; Strength of 9S 

Gun-paper, HOchstadter's OS 

Gunpowder, History of Chap. 9 

Gunpowder, Early Use of, 12 ; First Application of to Mining 
Anthracite Coal in United States (foot -note), 25 ; Invention 
of, 84-38 inc. i General Historj* of. Chop. 2 ; Names of Al- 
leged Discoverers of, 34-37 ; Places where alle;:cd to have 
been Invented, 35, 86 ; by whom First Used, 34-37, 40, 41, 
42, 46, 47, 48 ; Places where Eariy Uned, 84-37, 40-4.% 46-60; 
Early AnthoriUes on. 3:i-8R. 41-48 ; Early Use of Iron Rolls 
in Manufacture of, 88 ; Early Mannfscture of, .38, 39 ; In- 
gredients of in 1788, 39 ; First Application of to Blasting, 
4(M8 ; Chronological Table giving Leading Events in His- 
tory of, 46-55 ; Discussion of Properties, 56-60 : Analyses 
of, 57 ; American Blasting Powder, 57 ; Ignition of Gun- 
powder, 57, 58 ; Mixing with Bone-dust and Ground Glass, 
61 (see lilsQ 53, for MUture with Bond and also with Saw- 
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dntt) ; Used as Fuse for Detonating Kltro-glyceiine, 69 ; 
Proportion Unconsnmed when Fired, 70 ; Detonation of, 
76; Storage of, 93; Strength of, 05; Uiie of in Tanncls, 
138,800; Use of at I^esqoehoning Tunnel, 900; Amount 
Used at Mosconetcong. 814 (See al»o Charge, Military 
Operationis Drilling and Blasting.) 

Gun sawdust, Shultaso^s 02 

GQnthcr, Archbishop of Magdeburg 88 

Gustavus I. of Sweden, his Decrees as to Saltpetre 88 

Guthberleth 84 

Owynn, Stuart, his Connection with the Haupt Drill, 201 ; his 
Drill Patents 360 

Hacldebemie Tunnel 36 

Hafenegger, Joseph, Patent of 100, 101 

Ilagdek, Roman Tunnel in Switzerland 10 

Hall, Chas. £ 23 

Hall, W., Jr., Drill Patent 263 

Hallock, Robert F. L., Patent of 107 

Haloxyllne, Characteristics of 00 

Hamar, Alex., Patent of lOl 

Hamburg Caps 92, 1 1 1 

Hammer for Drilling 117 

Hammer Machines , 214 

Hand-Drilling, Rate of Advance, 128, 871 ; Discussion of one ' 

and two-hand drilling 118 

Hand Drills 244,250 

Hannibal, Use of Flrc-setting by 1 

Hanrahan, J., Drill Patent 265 

Harecastlo Tunnel, No. 1, 15; No. 2 15,16 

Harper's FerryTunnel 80 

Harris, James, Patent 138 

Harrison, Jonathan, Wedging Apparatus for Breaking Down 

Coal 291 

Harscher, Owner of Early Powder-mill 88 

Harsien, Rock Drill 203 

Harscn W., Drill Patent 260 

Hart. J. W., Patent 189 

Harvey, Moses, Patent 184 

Haseltine, Drill Patent 279, 284 

Hassan, Benl, Grotto near 6 

Hauenstein Tunnel 19, 325 

Haupt, Herman, 198, 818 ; his Rock Drill, 201 ; Drill Patent. . . 260 

Havrez, Discussion of One- and Two-Hand Drilling 118 

Hayc, De la. Drill Patent. 294 

Hayden, Geo. W., Drill-chuck 270 

Headings, Kind of Explosive to Use i.i, 114 ; in Solid Rock, 
128 : Size and Rate of Progress In Various Tunnels, 128, 
133 ; Wide or Narrow, 222 ; Against Grade, 299 ; Top or 
Bottom, 209, 314 ; Timbering of, 304-306 ; Parallel, 307 ; at 

Bottom, 356; Rate of Progress 871-391 

Heat Developed by Explosive Substances 95 

Heavy Blasts, Record of 134 

Heavy Ground. (See Breaks and Ground.) 

Hebrew Catacombs 8 

Hcdrlon, Caspar 34 

Hclch, William, Patent of 107 

Hell Gate, Work at 252 

(Sec Flood Rock). 

Hemmerlein, Melster 34 

Hemming, Drill Patent 275 

Henley, T. P. Tunneling Machine 192 

Henry IV., of France, Decree of, in Regard to Saltpetre 38 

Hercules Powder 103 

Hermitage Tunnel 15 

Hero of Alexander on Air Compression 35 

Herodotus 10 

Herring, A., Drill Patent 267 

Herscy, C. D 802 

Heyler. Emil, Drill Patent 284 

(See Clark, Alex. Melville). 

Hildebrandt, John A. R,, Drill Patent 290, 291 

Hill, Patent Air Compressor 185 

Hill, E., Patents 159,160 

Hill, W. N., Patents of 102, 269 



Hlll,WarBopA DrillPatent 288 

Hinckley, Lafayette, Patent of 107 

Hindu Caves, Age of 6 

HIndu-Koosh, Rock-cut Temples in 8 

Hipp, Drill Patent 295 

Hire, De la, on Ingredients of Gunpowder 89 

History of Tunneling (Including Ancient and Modem 
Public Works, Rise of Canals and Railroads), Chap. 1 ; 

of Explosives, Drilling and Blasting Ctiap. 9 

Hoboken, Early Rail road 28 

Hochstadter*s Gun -paper... 62 

Hohe Birke Mine: Early Amount of Powder Used, 44; 

Blastingat... 51 

Hoisting, Early Engines, 18 ; Machinery 829 

Holes, Drill, of Large and Small Diameter 44 

Holl, his Air Engine 486 

Hollow-Piston Type of Rock Drills 200, 901 

Hollow Spaces In Blasting, 52 ; in Charging 45, 113 

Holt, Henry Percy, Drill Patent 286 

Holyhead, Blasting at 184 

Hoosac Tunnel, 19, 26. OM ; Air Compressor at, 146-149 ; Full 
Area Tunneling Machine, 192 ; Early Rock Drills, 208 ; His- 
tory of, 315-337 ; Early Estimate of Cost, 818 ; Cost of, . 
832, 333 ; Machine Drilling at, 881, 322, 323, 324, 826, 333; 

Arching, 331 ; Opening of, 832 ; Rate of Progress 878, 374 

Hope, J. D., Drill Patent 260 

Horse-power on Railways 28 

Horse Railroad, First Tunnel on 16 

Horseley, John, his Povi'der, 61, 87 ; Patent of 100 

Horton,N. W., Drill Patents 265,273 

Hosking & Blakeweli, Drill Patent 284 

Hotchklss-Gardner Drill (foot note) 265 

Hotchkiss Hammer (foot note) 263 

Hoyer 87 

Hubart, Eugene D., Patent 140 

Hngbes, Edw. T., Drill Patent 279 

Hughes, Jaa. E., Drill Patent 271 

Hugon, his Furnace 1 

Hnmboldt Air Compressor 155 

Hungary, Salamo, King of. Use of Guns at Belgrade 37 

Hunt, Dr. T. Sterry 816 

Unygens, on Ingredients of Gunpowder 89 

Hydraulic Works of Philadelphia, their Air Compressor 169 

Imray, John, Drill Patent 298 

India, Subterranean Constructions 3,6 

Indicator Cards of Air Compressors 175-179 

Infusorial Earth 71 

Ingerhous 45 

Ingersoll, Drill Patent, 263, 264. 265, 267, 808, 818 ; see Blake, 

2M ; also, E. Le Gros, 281. 

Ingersoll Air Compressor 162, 165 

Ingersoll Rock Drill 289,250,257 

Instrument Makers, Art of (Early Name of Guns) 80 

Invention of Fire-arms \ 34-88 

Invert, to Ancient Tunnel 11 

Ipsamboul, Temple of 5, 6 

Irenicus 34, 85 

Iron Founding, Eariy History of 18 

Iron Sheeting to Wagon-ways 18 

Irrigation Canals, Tunnels on 12 

Italy, Roman Tunnels in, 10 ; Canal Building in, 14 ; Early 

Tunnels, 19; Early Use of Guns in 88 

Ives, J. B 27 

Jackson, W. H., his Patent 100 

Jacquet,Lisbet A, Rotary Rock Drill 297 

Jaina,HIndu Cares 6 

Jameson, ^ohn, IHitent 188, 189 

Japan, Fire-aetting in 1 

Jayme, Don, Use of ** Glowing Balls '* 37 

Jebb 87 

Jenks, L. P., DrUl Patent 260,261 

Jensen, Peter, Drill Patent 292 

Jervis.J. B fiO 
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Jobard, Introduction of Boring from China into Europe 188 

John, M.. Drfll Patent 268 

Johnson ComprceiMir 168 

Johnson (Duncan) Drill 238 

Johnson, J. B., Drill Patent 271 

Johnson, J. H., Drill Patents, 137, 138, 140, 107. (Sec Copcland, 
Chas. J., 286.) 

Johnston, J. U., Drill Patents 274, 278, 281, 284 

Johnston, Wiilium, Patents 140, 1S4 

Joinvlllc 87 

Jones, Patent for Air Compression 136 

J ones, Edward, Drl 1 1 Patent 29S 

Jones, James Grafton, Drill Patent 285 

Jordan. Hand Drill 244, 259 

Jordan, Thomas B., Drill PatenU 271, 287, 290 

Jordan, Thomas R., Drill Patent. 271, 287 

Jordan & Dariington, Drill Patent (Nos. 3,395 and 3,386) 279 

Jouy, Aqueduct of 12 

Jowett, H. A., Patent of 139 

Judson, Egbert, Patent of 108, 104 

Julien, John, Drill Patent 270 

Junction Canal, Grand , 15 

Jupiter Belos, Temple of 

Kaiabsche. Rock-cut Temple at 

Kalmbach, Chas. L 95, 102 

Karii, Caves of 8 

Karrow, Kellcs, Drill Patent 270 

Karst Railway: Cave in Tunnel 258 

Katsclianik, Tunnel in Turkey, near 12 

Kauffmann, J 359 

Kccley, O. B.. Drill Patent 208, 272 

Keenan, Franklin, Drill Patent 260 

KeU, Fit!derick C. , Patent of 107 

Keissler 16 

Kelly, Jas. R. F., Drill Patent 270 

Kennedy, D. , Drill Patent 264, 266 

Kennedy, Miles, & Joseph Eastward, Drill Patent 286 

Kcnrick, Wm. WjTine, Weaver Drill 287 

Kergulland, Jas., Diamond Drill 290 

Kershaw, John, Patent 130 

Kiesclguhr 71 

Kilsby Tunnel 19 

Kind Boring Apparatus 187 

King, W. R., Drill Patent 261 

Kirchner 34 

Kirchhoff, Chas., Jr 330 

Kirchner, Athanaslus 35 

Knight, Jonathan 28 

Knlpschlld 35 

Knutberg, Karl, his Early Powder-mill 33 

Krebs Bros. & Co 87 

Krudener, Baron 29 

Krusius 34, 35 

Krusius, Martin 35 

Labor, Comparison of Machine and Hand (see Rock Drills) ; 

Cost of, 345, 369, 370 ; Under Sub-contract 368 

Lacarriere, Chas. L., Drill Patent 293 

Lagumgys 42 

Lake, Win. R., Drill Patent, 270, 282, 280 ; Hydraulic Boring 

MacUineiy (Brandt Drill) 287 

Lambert 30 

lAmbessa, Inscription at 10 

Lambom, R. H., Drill Patent 260 

LaMottc Tunnel 19 

Lance, William, Patent 136 

Lange, Paul 34 

Lange. Johann • 35 

Langnedoc Canal 12 

Latrobe,B. H 90, 28, dO, 209, 3S2, 325, 326, 327 

Lapidarinm of Marlnxlus 2 

Lava, Tunnel through, at Lake Albanus 10 ' 

Lavoisier 45 

Lawrle, Thos,, Drill Patent 284 i 
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Leaden Gnn 36 

Least Resistance, Line of 118 

Least Resistance in Blasting 118 

Leather and Pastel>oard Cartridges 51 

Lcaviit, John Price, Drill Patent 270 

L(?banon Tuimel 27 

Le Fevre 45 

Loggers, on Canal Tunnel 15 

Lc Gros, E., Drill Patent 281 

Le Qros, Philip John, Drill Patent 288 

Lehigh Coal and Navigation Company, History of 25 

Lehman, B.H 27 

Leipec, Thomas. (Sec First Railway in United SUtcs.) 

Leipsic-Dresden Railway Tunnels 16 

Leo, Emperor, Use of Fireballs 36 

Leo, Rockets made by 46 

Le«K;hot 2 

Leveling, Ancient 11 

Lewin, John M., Patent of 107 

Lewis, S., Drill Patent 263 

Libra Aquaria, Roman Surveying 11 

Libs, Peter, Alleged Inventor of Gunpowder 35 

Lighting, Cost of 808 

Lima, John Matthaus de 37 

Lime, Blasting with Quicklime 134 

Liquor, Unlicensed Sale of 314 

Liris, River, Emissarium 11 

Lisbet and Jacquet, Rotary Rock Drill 297 

Lisbon, Aqueduct of 12 

Lithof ractcur 87 

Liverpool and Manchester Railway Tunnels 10 

Li\T 1. 10. 11 

Lloyd, Willct, Patent of 106 

Locomotive, First, 17 ; First One Built in United States, 29 ; 

with Compressed Air 366 

LOhncyss ..1, 12, 43 

Lomas Rishi, Cave of . . ; 7 

Long-hole, or Diamond Drill Process 222, 228, 229 

Longridge, J. A., Patent ,. 138 

Lorenz, W 23 

Lormont Tunnels 19 

Lough, George, Patent 139 

Louis the Holy 39 

Lovell, R, C. M., Drill Patent 262, 263 

Lowallee, Francis X. , Patent of 101 

Low Counties ; 14 

Low, Drill Carriage 293 

Low, G., Drill Patents (Nos. 903 and 1778) 278 

LGwen, Citizens of. Purchase of Donnerbuchsen 36 

Lowiz. Purification of Saltpetre 89 

Liibeck, Early Manufacture of Powder nt 36 

Lusignan, Anne of 13 

Lyons. Aqueduct of 12 

MacDermott, Martin, Drill Patent «hJ 

MacFadden, Chas '. 92, 150 

MacFaull. W., Drill Patent 267 

MacKean Drill 251 

MacKean Drill, note ou 260 

MacKean Drill Patent. (See W. R. Lake) 282, 364 

MacKean, Jas. A., Drill Patent '279 

Mackie, S. J., Patent of 105 

Macmillen, Robert, Drill Patent 279 

Macnab, Jas., Boring and Blasting Patent 287 

McLaren Compressor (Allen) iCO 

Machine Drills and Drilling. (Sec Rock Drills). 

Machine Drilling, Chap. 6 298-SOl 

Machines, Electric. (See Electric). 

Machinery at Hoosac SE9 

Machines for Cutting Full Area of Tunnel 192 

Machines, Tunneling 319 

Mad River Railroad £9 

Madden. Edward, Air Compression 266 

Maffei 30 

Magil, Robert, Drill Patent 87? 
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Magnus, Albert 37 

Magnus, Duke of Brunswick, Use of Guns by 86 

Mallard, Tabic of Full Pressure, &c., in Using Compressed 

Air 181 

Malleolus. Felix 84 

Malims Tunnel 12, 14 

Malta, Catacombs of 

Mancbetter Bail way, Liverpool and, Tunnels on 10 

Manchester. (See Duke of Bridge water.) 

Mandeville. J. H , Drill Patents (Nos. 161 and 815) 865, S66 

Mann, Frederick, Patent of 106 

Mann, William, Patent 136 

Manning,MarkS., Jr., AirYalre *.. 170 

Manning, W.P 3SS 

Mannite : ... 40 

Mannite, Nitro 68 

Manson, W., Brill Patent (foot-note) S63, 284 

Manure for Thawing Cartridges. 04 

Marbodus, Lapidarium of 2 

Marcellls, Drill Patent 294 

Marchaot Patent 140 

Marcus Gracchus •••••• 87 

Marios, Early Use of Guns at 30 

Masonry, Ancient, 10; Cost of .300, 860, 861, 867 

Mathesins.... 34 

Mauch Chunk Railway. 25 

Manch Chunk Tunnel , 20 

Mauss, his Cutter 101 

Mawson, James, Drill Patent. 286, 287 

Maxima, Cloaca, Sewer at Home 11 

May, J. M.. Drill Patent 280 

Mayence, Gunpowder said to be invented at 85 

Mayow .• 39 

Mecca, Early Vfe of Gunpowder by Arabs 36 

Medes. Rock Tunnel among 9 

Medhurst, George, Patents 136 

Meixner 16 

Melech. Seraph, Sultan, Use of Greek Fire by. 37 

Memphis, Tombs of 3 

Menard 40 

Mennons, M. A- F., Patent. 140 

Merat, Early Use of Gunpowder at 41 

Mercur, Patent 139 

Mcrcur, Capt. James 262 

Mercury Salts, Fulminates 91 

Meroc. (See Gibel Barkel.) 

Mersey, Trent and. Canal 15, 16 

Mcrshon's Hand Drill 244 

Mershon, A. J., Drill Patent 266, 271 

Meissner-Stollen, Reopening of, in 1568 48 

Metalltctt, De Re. (Sec Agricola.) 

Metz, Aqueduct of 12 

Mexico, Peter 37 

Mexico, Bock-cut Tunnels of 

Meyer 36,87 

Mezger, Adoiph, Drill Patent 297 

Mica Powder 88, IflB, 3S6 

Mlcaschiat 315 

Milan, Early Use of Gunpowder at 41 

Mllbank, 1. M , Patent of . 108 

Military Mines, First fired by Electricity by Russians 53 

Military Operations, Use of Gunpowder in 12, 41, 42, 45 

Miller, C. B., Paper on Sergeant Drill 289 

MUlcr. Wesley, Patent of 106 

Mills, Powder 38 

Millstones in Making Powder 88 

Mines, Canal in. (See Bridgewatcr, Duke of ) 

Mining, Military 12 

Mining, Timnel, First, in United SUtcs. (See Hacklebernle.) 

Mint liorn. D , Drill Patent 265 

Monakay. Edward, Patent of 100 

Monasteries, Buddhist 6 

Mone, Edward, his Submarine Rock Drill 214 

Monk, Fmnclscan, Inventor of Gunpowder 85 

Monk, Benedictine, Inventor of Gunpowder 86 



( PAGE 

Monnier, Alfred, Patents of 106 

Montady,Lake 18 

Montfalout, Grottoes near 8 

Mont Cenis Tunnel, 19, 852, 350 ; Air-ccmpreesing Rams at, 

171; History of, 852; Location, 854; Geology of, 355; 

Blasting at, 356; Literature on, 350; Cost of, 860; Rate 

of Progress, 879. 

Moore, Handel, Patent 140 

Moore,H. W., Drill Patent 260 

Moors, Irrigation Canals in Spain 12 

Moreau, Paper by, on Gum Dynamite 00 

Morey, Stephen, Drill Patent 270 

Morpeth, T. E., Drill Patent 272 

Morse, Chas. A., Patent of 107 

Morse, Harris, Drill Patent... 872 

Mortar, Used in Dynamite Experiments 77 

Mountain Passes, Tunnels on 15 

Mowbray, Geo. M., 65, GO ; his Mica Powder, 88 ; his Patents, 

100,101,102; Eleciric Battery -. Ill 

Mailer 45 

Munroe, Prof. H. 8 1 

MOnster, Sebastian 84 

Murphy, Thomas, Drill Paten t 2T1 

Muschamp, John B , Patent of 101 

Muscoiiclcong Tunnel, Accidents with Exploders at, 98; 

Air Compressors, 150 ; Drill Carriage, 221 ; History of, 

308-315; Rate cf Prof:rc88 ,..^ 372 

Mntius Hnlderich 35 

Mcthyr Tydvalc Railroad 17 

Naer, Bertholdns 35 

Naphthaline, Nitrated 108 

Naphtha in Greek Fire, 36 ; Use of, SKJ. 

Naples, 0, 10, 11 ; Early Use of Gunpowder at Neapolitan 

Castles : 41 

Navarro, Early Use of Gunpowder by 41 

Narrow Drill-Holes 58 

Nasmy th*s Hammer 191 

Nosmyth's Borer 190 

Nttssick. Caves of 7 

National Drill and Compressor Co 161 

Neaux, Tunnels of 16 

Needles for Blasting, 61, 108 ; Wooden, for Tamping, 52 ; 

Hollow, 68 ; of Lead and Tin, 63 ; of Whalebone 58 

Neill, Wm. L., Drill Patent 278, 293 

Newraeyer's Powder 61 

NerthcTunnel 16 

Ncr^-es, Effect upon, from Passing through Tunnel 27 

Nesquehoning Tunnel Air Compressors, 150 ; Drill Carriage, 

281 ; History, 896, 803 ; Rate of Progress 371 

Netherlands 14 

Newcastle-upon-Tyne. Eariy Coal Trade — 17 

Newcomen, Early Steam Engine 16 

Newmann, Gustav Heinrich, Drill Patent 287 

Newton, A. v.. Patent. 140 ; his Air Pump 287 

Newton, W. E., Drill Patent 274 

Nigermanticns, Berthold Schwartz alleged to be 86 

Nlgope, Cove of 7 

Nimroud, Drain under Palace of 9 

Nismes,' Aqueduct of 1^ 

Nitrosine M'fg Co., Patents owned by . 107 

Nitric Acid ^ 

Nitro-Canc Sugar ®1 

NItro-cellulose Dynamite ^ 

Nitro-glyccrine, 40 ; Properties of, 65, 68 ; Detonation of, 68, 
70; Fi03»n. 66, 68 ; Storage and Transportation, 66, 98, 94, 
95 ; Composition of, 67 ; Decomposition of, 67 ; History 
of, 68 ; Manufacture of, 68 ; Compounds, TO ; Tests of, 
88-86; Relative Value, as Compared with Dynamite, 88, 
118; Tliawing of, 94; Strength of, 95; Patents for, 
99-10? ; Tamping with Water, 112 ; Process of Charging, 

112. 113 ; at Hoosac Tunnel, 828, 888 ; Advantage of 888 

Nitro-Mannite ® 

Nitro-Sugar :••• ^ 

NltroToluol TO* 101 
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I^obel, Alfred, 65« 88, 70; Patent of 99,100,108,104 

Noc, C. L., Drill Patent «0 

Noiriea Canal Tunnel 16 

NoUet 89 

NoniasDatua 10 

Norbary,Thomaa, PurchaBc of Gans by 36 

Kormal Croaa-Sectlon of Tunnel Chap. 19 

Norrbin 91 

I^orrbln, J. H., Patentof 108 

North,E.P 56,60,94,108 

Northcott, Wm. Henry, Patent 187 

Norway, FircSetttng U»cd in 1 

Kovarro, Pedro, Early Uao of Gunpowder by 41, 43 

Novelty Locomotive 16 

Nubia, Kock-Cut Temples 5 

Nuremberg, Invention of Gunpowder at. 85 ; Early Sale of 
Powder and Guns in, 36 ; Early Mannfacture of Powder at 88 

Nntgalla in Horacley^a Powder ST 

Nutting, O. B., Drill Patent S64,S63 

Natty, R.,DrUl Patent «61, 368 

Oberau Tunnel.. 16, 19 

O'Brien, Michael, Assignee of Drill Patent . . . , 871 

Ohlaaon 91 

Ohlsson, Johann, Patent of 102 

Oil. Boring for £30 

Oil Wells, Enlarging Bore-holes of 65 

One-hand Drilling 58,117 

Opposition, Early, to Tunnels 86,87 

Order, Explo«i\-e of Fin»t or Second 96 

OrienUl Powder, Patent for 100 

Ortmans, Victor C J., Patent 185 

Orwigsbuiff Landing Tunnel. (Sco Auburn.) 

Osterkamp, H., Drill Patent .863, 880 

Oxford, Old MSS. of Harcus Graccus at 87 

Ozyhydrogen Gam Used in Enlarging Bore-holes 46 

Packing 808 

Palmuth 85 

Pausilippo Road Tunnel, or Passage of . . 10 

Panteleon, Heinrich 84 

Papin 89 

Parallel Headings 807 

Paris, Catacombs of 9 

Paris, Plaster of, with NitroGIycerine 88, 100 

Parkinson, John H., Drill Patent 872 

Parscy, Arthur, Patent 187, 188 

Pascha9in«t, Stephen M 

Pasley's Iron Cones and Use of Electric Blasting 53 

Pass De, Ernest, Drill Patent 885 

Pasteboard Cartridges 51 

Patents, Early, for Iron Manufactnre, 18 : for Saltpetre, 39 : 
fur explosive Compounds in United States, 99 ; for Rock 
Drills, 850 ; for Air Compressors, 136, 185. (Sec Rock 
Drills, Explosive Compounds.) 

Pattison, C. S., Drill Patent, 868, 866 ; hia Drill Carriage 874 

Pattison, John, Patent of 106 

Peck, C, Drill Patent •. 363 

Peez, Hieron, of Lcobcn 87 

Pelouze 40 

Pelzer. Frederick, Drill Patent 890,891 

Penn, William, his Advocacy of Early Canals 88 

Penrice, H. N., Tunneling Machine, 198 ; his Drill Patents. 866, 885 

Pepin, Early Steam-Enginc 16 

Peruvian Tunnel 9 

Peter, Inventor of Gunpowder 85 

Ptter. Bishop of Leon 87 

Phelps, Winchester &, Drill Patent, 884. (See Haseltinc.) 

Philbrick, E. S 816,881 

Phillips, G., Drill Patent 863 

Phillippson, Schwartzkopff antl. Drill Patent .* . 874 

Plalti, Proposals as to Mt Ccnis. 137 

Pick and Gad work 18,13 

Picker in Bhisting 118 

Plcratcs 91 

PiericAdd 91 
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Pieper, Carl, Hand Drill 882,893 

Pierce, Chaa. D., Drill Patent 870 

Pigna, Joh. Bapt, of Ferrara 35 

Piling, Sheet 806 

Pinto 43 

Piobert 53 

Pipes for Compressed Air 800, 864 

Pisans, Naval Enconnter with Greeks when latter used Gnna. 37 

PItchford, Jno. B., Patent 184 

Pitman, J. T, Patent . ; 139 

Pitt, Sydney, Patent 186 

Pius, Antoninns 10 

Planitc, Gustav von. Patent of 107 

Plaster of Paris with NitroGIycerine 06 

Platina 84, 85 

Pliny 1.2 

Plus^, Wooden, in Blasting. 53 ; Wooden, in Tamping, 108 ; 

InBlasting 118 

Plumley Patent for Air Compression. 186 

Pollaks, his PowilcrMUl 88 

PontanoB 84 

Poole, Moses. Patent 137 

Poole, Wright, Hemming & Searby, Drill Patent 875 

Porifcra Powder, Patent for 88, 100 

Portage Railroad, Allegheny 85, 87, 29 

Possevin, Anton 34 

Posson Knnt, Early Use of Gunpowder by 41 

Potassium Salts with Picric Acid. 91 

Potsdam. Le Febro's Experiments near 45 

Potts, Abraham, his Railway in Schuylkill Conniy, Pa. 85 

Ponilly Tunnel 16 

Powder-mills 38 

Powell, John R., Patent of, 106 : his Safety Squib 100 

Power Drills. (See Rock Drills.) 

Power of Explosive Compounds 95 

Pratt, L. A., Assignee of Drill Patent...: 878 

Pratt, N. W., Drill Patent 868,889 

Premium for Best Work on Saltpetre 39 

Premium for Rapid Work 361 

Prentiss, James L., Drill-hole Cleaner 278 

Prerogative, Royal, of Saltpetre 38 

Preston on the Hill, Canal at 15 

Pressure Gauge, used in Dynamite Experiments ^ 

Pressore. (See Heavy Groimd, Bad Ground.) 

Price, Andrew M., Assignee of Drill Patent 870 

Price, James C, Assignee of Drill Patent 870 

Prideaux, Ozyhydrogen Gas in Bore-boIesL C3 

Priestley, Proposed Firing by Electricity 39 

Primer for Firing Gun-Cotton , 63 

Priming for Electric Fuses 92,100 

Progress, Rate of, 188, 300, 315, 381, 849, 860, 871 ; Rate of, 
with Hand Labor, 851 ; Rate of, with Rock Drills, 386,848, 
856, 866. 871 ; Rate of, at Nesqueboning, 871 : Mnsconct- 
cong,878,398; Hoosac, 848, 874; Sutro, 875,870, 877; Roth- 

schOnbecg, 878 ; Mont Ceois, 879 : St. Gothard 380 to 389 

Projectile , 4-J 

Prospecting with Diamond Drill 823 

Prussia, Early Tnnnels in 19 

Ptolemais, Use of Greek Fire at 87 

Public Improvements, Early ones in the United States 19-31 

Pulpit Rock Tunnel 80 

Pumping 805 

Piunp at Sutro Tunnel 818 

Pumps Run by Compressed Air 861 

Punshon, Robert, Patent of.... 106 

Pnmelle, John Chilcott, Patent 138 

Putcl. (See Shafts and Slopes.) 

Puzxnoll, Road Tunnel near 10 

Pyroxyline 40,08 

Qnentin, St.. Canal 15 

Quicksand 306 

Qnincy Railway 86 

Rackarock 61 

Rafter, Early Indian Temples... 7 
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Railroads, Eariy Odm in Amorics, SO, S5, t7, 88 ; Early Ones 
in Canada,' 21 ; Early Ones at Hoboken, 89 ; First One in 
United States Ghaiteied for General Transportation, 28 ; 

Increase in Constractton since 1830. ^ 20 

Railroad Tunnel, First, in United States 27 

Railroad, Colombia to Philadelphia, 28; Mad River, 20; 
Philadelphia and Reading, 20, 90; Harrisbuxg, Ports- 
mouth, Mount Joy and Lancaster, 30: Baltimore and 
Ohlo« S8, ao ; Rensselaer and Saratoga, 80 ; Pennsylvania 

(foot-note) 80 

Railways, Early, 18, 19 : First, in United States, 25 ; Mauch 
Chui^ 25; Mine Hill to Pottsville, 25; Quincy, 25; 
Snnbury to Catawissa, 25 ; Lciper*s, 25; Allegheny Port - 

ago 28 

Ramescs 6 

Rammclsberg, Fire-setting at, 1 ; Early Use of Powder at.. . 40 

Rammer in Blasting HS 

Ramseye, David 38 

Rams for Air-Comprcssing 174 

Ramus, Peter 81 

Bamsbottom, Jolin, Patent.... 186. 187 

Rand Drill, 230, 240 (foot-note) ; 266 

Rand Duplex Horisontal Dry Compressor 152 

Rand Duplex Self -Contained Compressor 157 

Rand & Waring, Drill Patent (see J. H. Johnson), 281 ; Air 

Compressors 153, 313 

Ranney, Henry J , 28 

Rates of Progress (see Progress); in Tunnels 128, 850, 871 

Rather, Von, Patents ...186, 187 

Rathhaos at LQbeck, Burning of 86 

Raymond, Joseph Paul, Patents of 105 

Raymond, Rossiter W -880 

Red Lead with Kitro-Glycerine 88, 100 

Reeds for Blasting 61 

Reed Fuses 108 

Rcichcn,his Oun-Paper 62 

Rcleswold, Thomas, Purchase of Guns from 86 

Re, dc, Metallica 1 

(Sec Agricola.) . 

Rendrock fis, 101 

Rendrock Powder Co., Patents Owned by 107 

Reuse, Ernest Gustav, Drill Patent 292 

Revival, Modem, of Engineering 12 

Reyer, Edouard, Patent ,. 187 

Reynolds, G.H., Drill Patent, 266 (Nos. 168,419: 163,257; 164,- 

»4; 164,805; 164,396); J67(Nq. 179,818); (No. 2,287) 284 

Reynolds^ Explosive 68 

Rhcims, Aqueduct of 12 

Rhodes, Early Use of Gunpowder at 41 

Richard I. of England, Capture of Greek Fire by 87 

Richard II. of England, Use of Guns by 86 

Ricliards, Abegg &, Rotary Rock Drill 297 

Richmann, Henry, Compressor Patent, 185; Drill Patent ..271, 292 
Ridley Creek. (See First Railway in United States.) 

RillyTunnel 19 

Rinecker, P ', 868, 802, 108 

Rlqneval Tunnel 16 

Riquet. (See Malpas Tunnel.) 

Rishi, Caveof 7 

(See Lomas.) 

Rittenhouse, David 22 

Rive de Gler Tunnel 12, 16 

River Navigation, Potomac, James, and Rappahannock, Early 

Improvement of , 19 

Road Tunnels 10, 12 

Roanne-Andrczleux Horse Line ]6 

Roberts, Edw. A. L., Patents (Nos. 112,848,120,776, and 189, 

1«2) 101 

Roberts, W., Jr., Drill Patent 355 

Roberts, W. Mllnor ao, 26, 27, 29, 80 

Roberts, Solomon W 20, 86 

Robins, his Theory of Gunpowder 99 

Robinson, S. W.. Drill Patents (Nos. n,a89 and 78,181), 882. 

(Also see 863 and 209-211.) 
Rocbe Tolay, De la. Drill Patent 
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Rock*cut Temples.. •.•.... 6 

Rock Drills, Described In Chap. 8, Parts 11., IIL, IV., and V.: 
Early History, 189 and 135; Rotary Borers, 189; Nasmyth's 
Borer and his Hammer, 191 ; Mauss* Revolving Cutter, 
191 ; Brunton's Machine, 191 ; Machine for Boring put full 
Area, 192 ; Percussion Drill, its origin, 194 ; Schumann's 
Drill, 194 ; First European Drill, 195; Cave's Drill, 196; 
Couch's Drills-First, 196 : Second, 200 : First American 
Drill, 196 ; Hollow-Piston Type, 200 ; Harsen's Drill, 202 ; 
Brooks, Gates, & Burleigh Drill. 208 ; Fowlers Drill, 203 ; 
Direct-Action Principle, 203 to 206 ; Burieigh Drill, 807, 
286; Wood & Robinson, 209; Fowie Patent Bought by 
Burleigh, 210; Introduction into Europe, 211 ; Chamcter- 
istic Features of, 212, 288 ; Requisites of a Good Drill, 212, 
283 ; DriUs in which Drill-rod is struck bf Piston, like a 
Hammer, 214; "The Coming Drill,*' 216; Brandt Drill, 
216,245; Chucks and Drill BIt», 216-219, sec "Bits;" 
Drill Carriages, 219; Number of Drills to be kept on hand, 
222 ; Whether Drills of Large or Small Cylinder to bo 
Used, 222 ; Diamond Drill, 222 ; Rock Drills, Discussion 
of Merits and Demerits claimed for various Principles, 
238 ; Bryer Drill, 2^1 ; Johnson (Duncan), 288 ; Rand, 
239, 240; Sergeant (made by lugcrsoll Rock Drill Co.), 
830, 211 ; Dynamic (Wood) Drill, Manufactured by Gray- 
don & Denton, 241, 242; Abstracts of various Papers and 
Publications Describing various Drills, 242 ; Dynamics of 
the Rock Drill, 246 ; Ordering and Using Rock Drills, 849 ; 
Abstracts of various Papers showing Performances of 
Rock Drills. 250 ; Table Quantities of Hot Water to be 
Injected into Working Cylinder of Rock Drill to prevent 
Refrigeration, 257 ; Table for Converting Heat Calorics 
into English Fahr. Heat Units and Converse, 256: 
Schram's Classiflcation of Drills, 842 ; Hand Drills, 299 ; 
Drop Drills, 259 ; Patent for Rock Drills— American, 850 ; 
English, 274 ; Other European, 294 (the names of individual 
inventors are not liero repeated, as they will be found scat- 
tered alphabetically throughout the Index); Drill Car- 
riages, Patents for 273, 274, 898 ; Examples of Carriages, 
809, 364 ; Relative Economy in Use of Hand and Machine 
Labor, 250, 208 ; Tunnels Driven with Machine Labor. 
Clutp. 6 ; Use of, at Nesquchoning, 299, 871 ; at Musconet- 
cong, 809, 872 ; at Hoosac, 383, 873 : at Sutro, 344, 375 ; at 
Mont Cenis, 357, 879 ; at St. Gothard, 864, 8^0 ; Number 
required In a Heading, 810, 844 ; Full Area Machines, 319 ; 
Cost of Machine Drilling, 801, 321. 822, 888, 888, 888-887, 
856, 866, 867: Shortest Length of Tunnel in which Drills 
can be used to advantage, 384 ; Diamond Drill at Sutro 
Tunnel, 344 ; Rate of Progress with Machine Drills, 348 ; 
Contrast of Machine Drilling with Hand Drilling, 851, 
857, 858 ; Size of Air Pipe, 364 ; Drills used at St. Gothard, 
864; Rate of Advance, 866^ 871-894; Rock Drills, Table 
showing Accounts of Rates of Advance at St. Gothard, 
3^-887. (See " Rate of Progress.'*) 

Rockets » 46,49 

Rocket Locomotive ....16, 17 

Roe & Tollman, Drill Patent 287 

Roebling, J. A., Sons & Co., Assignees of Swans's Drill 

Patent , 257 

RogerBacon .87,88 

Rollers of Iron for Powder-Mill 88 

Ronuuis, Surveying Instruments, 11 ; their Excavations... 8, 10, 11 

Rome, Catacombs of g 

Root Blowers 342 

Root, John B., Patent 133 

Rouen Railway 19 

Roseby, Jos., Drill Patent, 289 

Rosecrans, Wm. S., Patent of 106 

Rotary Borers 189,190,297 

Rotary Powder Mill 88 

Rotherhithe. (See Thames Tunnel.) 

Rothe, Johann 86 

RothschOnbeig Tunnel, Rock Drill Used (see "Adolf Mez- 
ger''), 2*7; Description of Tunnel, 830; Rate of Prog- 

rew 878 

Roumania (RumiUien) 12 



404 



INDEX. 



PAGK 

Round-Down Cliff, Blasting at 134 

Roux and Sarrau, their Experiments on Detonation 06 

Bowe, Patent on Compressed Air 136 

Rowtand, Thomas Fitch, Patent 188 

Rowles, Wm., Drill Patent 289 

Roycc, W. A., Patent , 133 

Rubber Tube for Supplying Water to Air Compressors 148 

Ruchet, D., Patent 139 

Ruffel, Thomas 39 

Russel, Thomas 89 

Russia, Fire-Setting Used in 1 

Russians, First Firing of Military Mines by Electricity 53 

Sylcy, Mixing Gunpowder with Bone-Dust, 16, 61 ; with Sand. 53 

Rriha, Rotary Rock Drill 297 

8 Bit, 207. (Sec Bits.) 

Sabellicus, Anton 34 

Saccus, Baptista 34 

Sachs, Drill Patent, 805. (See also M. A. Soul) 281 

Safety-Fuse, Blckford's 53, 109, 110 

Safety Powder 103 

Salado, Guns Used on the 36 

Salamo, King of Hnngar}', his Early Use of Guns at Belgrade. . 87 

Salsctte, Caves of 8 

Saltpetre, Early Compounds of, 87 ; Manufacture of, 88 ; Wall 

Saltpetre, 38 : Saltpetre from Urine 39 

Salts, Explosive, as Base in Dynamite 71, 73-^ 

Saltersford 13 

Samos, Tunnel of . . 10 

SamoOn, Grottoes of 3 

Sand, Gunpowder Enveloped in 53 

Sand-Bath for Thawing Cartridges 73 

San Parcil Locomotive 16 

Sappers 41 

Sarcpta, Mathesius 42 

Sargent, H. C. Drill Patent 270 

Sarraa and VicUe, Experiments on Gun-Cotton 04 

Sarrau, Experiments on Detonation 06 

Satapannl Cave 7 

Savage, P., Drill Patent 264 

Sayary, Early Steam Engine 16 

Sawdust : Mixture of, with Gunpowder, 53 ; Nitrated 62 

Saxony, Eariy Tunnels in 16, 19 

SchOnbein 40, 62 

Schrader, Ludwig, Drill Patent 292 

Schram, a, Drill Patent, 297; bis Drill 254 

Schram, his Classification of Rock Drills 242 

Schram, Johann Richard, Drill Patent 284 

Schultzc, his Gun-Sawdust 62 

Schumann, 294 ; his Rock Drill, 194, 195 ; Drill Patent, 282. 

(See also BergstrOm) 296 

Schuylkill Na\1gation, Tunnel on 23 

Schwarz, Berthold 34, 85 

Schwarzkopff & Phillipson, Drill Patent 274 

Schweidnitz, Use of Miliary Mines at 45 

Sclopo 34 

Sclopum, Manualem 37 

Screen for Sifting Gunpowder 38 

Screw-Jack (Joe Smith) 87 

Scultetus. 34,35 

Scythians, Catacombs of the 8 

Scaford, Heavy Blast at 134 

Searby, Drill Patent 275 

Second Order, Explosives of 96 

Seddon, O. B., Drill Patent 267 

Seller, F., Patent 139 

Selenitic Powder, Patent for. » 100 

Semiramis, Tunneling set on Foot by 9 

Scnger, Meistcr, of Nuremberg 86 

Sensitlvu Powder 53, 92 

Sepulture. Hock Excavations for 8 

Seraglio, Tunnel from, at Babylon 9 

Seraing Air Compressor 155 

Seraph, Melech, Sultan. (Sec Melech Sezmph.) 

Serezanalla, Eariy Use of Gunpowder at 41 
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Seigeant, A. C, Drill Patent, 264 (Nos. 140,500 and 143,261), also 
265 and 270. 

Sergeant Drill 230 

Serpents, ** Combustible'' 37 

Severn River, Canal from 15 

Seville, Defense of 87 

Seward, N., Patent 137 

Sewerage, Ancient Systems of 11 

ShafiYicr, Tal. P., 65. 70, 100 ; his Patents CO, 100, 1(» 

Shaft Building, Chap. 14 ; Shaf U of Ancient Tunnels, 10 ; Lo- 
cation with Reference to Center Line of Tunnel, 80 ; at 
Musconetcong, 805 ; Central, at Uooeac, 321 ; West, at 

Hoosac, 821, 824 ; Accidents in, 825 ; at Sutro Tunnel 841 

Shamer. (See Diamond.) 

Shanley, Walter, 317, 333 ; his Hoosac Contract 817, 827 

Shantz, E. S., Assignee of Drill Patent 2C8, 272 

Shaw, John, Air Compressor Valves, 287 ; his Patents ISO, 288 

ShawA Clark*sDrill S44 

Shaw, Moses, Electric Firing, 40 ; his Patent 05 

Sheet Piling 800 

Shepherd & Stncky, Drill Carriage 898 

Shepherd, Patent...: 189 

Shield at Thames Tunnel 15 

Shlland, A., Drill Patent 200 

Shovels, Steam 804 

Sicily, Catacombs of 9 

Slebenburgen, Fire-Setting at 1 

Slleslan Powder-Mills 33 

Silicates, Precipitate of. Absorbent for Nitro-Glycerine 102 

Silsills, Caves at 

Simultaneous Firing In Blasting, Eariy. (Sec Electric Firing.) 58 

Singer Drop Drill 180 

SIngle-Track Tunnels 10 

Sleeper, True P., Patent of 107 

Slinging Machine, Fire Hurled from 37 

Slopes of Ancient Tunnels (Putel), 10 ; at Musconetcong 804 

Smith, Dr. William 22 

Smith, J. F 23 

Smith, H. Julius, his Patents, 100, 101 ; Electric Machine lU 

Smith, J. L., Drill Patent 260 

Sobrero 40,05,68 

Soft Ground, Early Tunnels in 15 

Solid Rock, Headings in 128 

Solomon, Diamond-Pointed Tools used in Constmction of his 

Temple 8 

Sommeiller, his Ram, 171 ; Death of 854 

(For his Drill Patent, see J. H. Johnson, 137, 274.) 

Sonnstcln, Tunnel, Brandt Drill at 240 

Soul, M. A., Drill Patent (Sachs) 281 

South Norwalk Compressor 158 

Space, Hollow, in Charging 45 

Spain Canal and Irrigation Tunnels 16 

Spandau, Powder early known at 86 

Spangenberg, Cyriacus, 34 ; his Tamping Rods 62 

Specht, George J 245,387 

Spencer, Allen, Patent 184 

Spcoa Artcmidos, Grotto of 

Sponge as Absorbent for Nitro-Glycerine 100 

Spontaneous Ignition in Subaqueous Blasting 58 

Squibs In Blasting 109 

St. Aignan Tunnel 16 

SUhl 86 

Stale of Beasts, Urine Extracted from, for Saltpetre 30 

Stansbuiy, J. A., Drill Patent. 264 

Stapff,Drill Patent 299 

Stapulensls, J. Faber 84, 45 

Startwort, Simon 18 

Staunton. Thomas, Patent 138 

Steam Drills. (See Rock Drills.) 

Steam Ensine, History, 16, 17, 28 ; First One used at a 

Tunnel 16 

Steam Power, Early use on Railways of United States 29 

Steam Pipes, Use of In Thawing Nitro-GIycerinc 01 

SteamShovels ... 804 

Steamboat, Early 17 
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PAGE 

Steel for Drills and Bits 900,844 

Steele, J. Datton 214,601 

Steele's Patent on Air Governors 167 

Stephenson, George 16, 17, 19 

Stevens, Col. John 28 

Stevenson, Graham, Drill Patent 283 

Stewart, C. P., Patent 139 

St. Etlenne, Tunnel near , 16 

St. Geoi;ge Mines, Fire-Setting at. 1 

St. Giorgio, Early Use of Gunpowder at 41 

St Gothard Tunnel, Origin and Location, 860 ; Award of the 
Contract, 360 ; Cost of, 860. 867 ; Alterations of Contract, 
862 ; Geology, 362 ; Alignment and Grade, 862 ; Mode of 
Worldng, 863 ; Swelling of Ground, 862 ; Turbines, 363 ; 
Air Compressors, 171, 868 ; Water-Power, 863 ; Bock 
Drills, 864, 366 ; Ventilation, 864 ; Division of Work, 866 ; 
Accidents, 867 ; Rate of Progress, 880 to 389 ; Bate of Ma- 
chine Drilling 382-889 

St Paul, Early Use of Gunpowder at 41 

St. Quentin Canal 16 

Stillwell, A., Normandy & Co., Air Compressors 170 

Stockton and Darlington Railway 16 

Stokes, John Edward, Patent 186 

Stallen 850 

Stone Cannon Balls • 48 

Stonchou^e, John S., Drill Patent 290 

Storage of Explosive Compounds 03 

Stourbridge, Lion Locomotive 28 

Stow Flexible Shaft 242 

Strabo 10 

Strcddlnger, Julias H., Drill Patent 270 

Strength of Gunpowder, 59 ; of Explosive Compounds 92 

Striking in Drilling 115 

Stuckcy, Shepherd &, Drill Carriage 893 

Stumpf 34 

Sturgeon & White, Drill Patent 284 

Slurtevant, Simon 18 

Subaqueous Blasting, 101 ; Spontaneous Ignition in 53 

Subletting Work 368 

Submai'ine Tunneling, 101 ; Submarine Rock Drill 244 

Subterranean Navigation. (See Bridgewater, Duke of.) 
Sudama Cave. (See Nigope.) 

Sugar, Nitro-, 40 ; Mixed with Chlorate of Potash as Explo- 
sive 61 

Summit Level Tunnel on Union Canal 27 

Surrey, James, Patent 186 

Surveying, Ancient Roman 11 

Sutro Tunnel, Air Compressor at, 155; Description of Tunnel, 
837-831 ; Act of Congress Relating to, 8^ ; Literature on, 

850 ; Rate of Progress 318, 875, 376, 377 

Swab-Stick in Blasting 118 

Swan, C, Drill Patent 267 

Schwartz, Berthold 85 

Sweden, Fire-setting System Used in, 1 ; Canal Tunnel in, 
16 ; Early Powder Mills in, 88 ; Manufacture of Saltpetre 

in 88 

Swelling of Clay. (See Clay.) 

Sweeney, P., Drill Carriage 274 

Sweet, Edward T., Drill Patent 260 

Swinbum, Thomas, Patent 138 

Switzerland, Early Tunnels in 10, 19 

Sylvias, iEncas 84 

Syria, Catacombs of 8 

TaHwt Tunneling Machine 193 

Tallman & Roe, Drill Patent 267 

Talhnan, W. F., Drill Patent 265 

Tamping with Clay, 51 : Tamping with Water, 90 ; Principles 

of Tamping 112 

Ttingyc, James, Patent 139 

Tartars, Use of Guns by 87 

Taakin, Leopold, Drill Patent.. « 292 

Tatham, W. P., Patent 140 

Tatham, Wm. P., Patent 185 

Tax on Saltpetre in Sweden 88 
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Taylor, F. B., Drill Patent 280 

Taylor, Gamaliel, Drill Patent 272 

Teal, B. Frank, Air Compressor 169 

Teft,W., Drill Patent 266 

Telescheif , Nicholas dc. Patent ... 140 

Telford 15 

Temperature of Water at Face of Heading, 859: Heat Devel- 
oped on Ignition or Detonation of Explosive Compounds 

58, 50, 64, 67, 72, 70, 95 

Temples, Rock-cut 5 etc. 

Tenda, Col, de 12 

Tennis Balls of Stone (for Cannon) 49 

Tcrre Nolr Tunnel 16 

Tests of Strength of Nltro-Glyccrino and Djiiamito, 77 ; of 

Various Explosives 98 

Thames Tunnel 12, 15, 16 

Thawing of Nltro-Glycerine and Dynamite 72. 91, 94 

Thebes, Caverns of 8 

Theory of Gunpowder, Lavoisier's 39 

Thevct, Andreas 34, 85 

Thomas, A. P., Drill Carriage 274 

Thomas, Evan 28 

Thomas, Frederick S., Patents 128 

Thomas, H., Drill Patent 267 

Thomas, Wm., Patent 184 

Thompson, Lewis...} 40 

Thomson, John. (Sec First Railroad in United States.) 

Thunder Guns 88 

Thunder Powder Company, Patents Owned by. ..^ 107 

Thurston, Prof. R. H., on Steam Engine 16 

Thurston, Drill Patent. (See G. Hascltine, 284.) 
Tilbury (See Thames Tnnnel.) 

Tilly, Early Use of Gunpowder by 41 

Timbering, Ancient, 12; English System, 16; Belgian Sys- 
tem, 16, 363 : French System, 16 ; German System, 16 ; 
Austrian System, 16 ; in Freiberg Mines, 16; of Heading, 

804-806 ; of Slope, 804 ; of Shafts, 805 ; Cost of 842 

Tin Cartridges 113 

Titan Powder 1 OS 

ToUiy,dela Roche, Drill Patent 290 

Toledo, Early Use of Gnns by King of Tunis at 87 

Toluol, Nitro 70 

Tombs, Excavations for, in Dark Ages 12 

Tondja, Tnnnel near 10 

Tonile 63 

Top Heading. (See Heading.) 

Torcy Tunnel 14, 15 

TorricelU 39 

Toumay, Experiments of Vauban at 45 

Towne, G. E., Drill Carriage 2T4 

Transportation, Eariy, by Rail, 19 ; of NitroGIycerinc. 65, 101; 
of Debris, 864 ; by Compressed Air Locomotives at St. 

Gothard Tunnel 866 

Trauzl, Isadore, his Dynamite Fuso 110 

Treacherous Ground 805 

(Sec Ground.) 
TreadwoU, Francis C, Patent of. as Administrator of Hinck- 
ley 107 

Trent, John, Patent 184 

Trent River, Canal from 15 

Trent and Mersey Canal 15, 10 

Trevethick 13,17 

Tri-Nitro-Glycerino 07,68 

Tronqnoy Tunnel 15, 16 

Tschimer, Max, Patent of 107 

Tubes for Blasting 51 

Tunis, EJng of, Eariy Um of GunsatTolcdo 87 

Tunnels, Ancient 1-12 ; Eariy Ones in the United States 30 

Tunneling Machines for Cutting Fnll Area 192, 103, 194, 819 

Turbines, to Run Air Compressors 319, 863 

Turkey, Ancient Road Tunnel in 12 

Turks, Early Use of Gunpowder by . : 41 

Tnrmel, Belidor*8 Experiments at 45 

Tomer A Newton Wilson, Drill Patent 284 

Turner, W. A., Patent 140 



406 



INDEX, 



PAQE 

Turretinl & CoUadon, Drill Patent, 296. (See H. B. Barlow) . . 2^ 

Tuecdcy, John , Drill Patent 288 

Twlgg, Doering &, Drill Patent 279 

TiT)hon of Alexandria 12 

T\^'ohand Drilling 117 

Ulver&ton, Edmnnd Barnes, Drill Patent 291 

Undermine 41 

Underpinning of Arch. (Sec Belgian System.) 

Union Canal, 26; 27 ; Tnnncl on 19 

Union Drill Patent (see foot-note) 266 

United States, 28 ; First Tunnel in, 23 ; Early Tunnels 30 

Upward, Alfred, Drill Patent 288 

Urine, Saltpetre Extracted from 89 

Valencia, Siege of. 37 

Vandelle 89 

Vamey, Thomas, Patents of 108, 107 

Vanban 46 

Vazie. (See Thames Tunnel.) 

Venetians, Early Use of Fire-arms by 84 

Versailles Kailway 19 

Ventilation, 91, 2S3, 278; Difficulties of, with Fire-setting 
System, 1,8; Hole for, 26 ; Early Ideas on Discharge of 
Gases, 27 ; Effect of Gases Evolrcd from Combustion of 
Gunpowder, 66, 50 : Effect of Baloxyllne on, 60 ; Effect 
of Kitro^GIycerlne on, 67; Effect of Dynamite on, 72 ; of 

Sutro Tunnel by Blowers 342 

Verona, Early Use of Gnnpowderat 41 

Vespasian, Tunnels built by 110 

Victor Amadens 12 

Victor Hand Drill 259 

Vlelle, Experiments on Gun-Cotton 64 

Vienna, Early Use of Gunpowder at 41,42 

Vignlcr, Nlcol 84 

Villeplgue, Rotary Rock Drill 297 

Virgil, Polydore 34,86 

Victori Itallana 2 

Vitruvius 11 

Vivian, John, Drill Patent 286 

Volleterranus, Raphael 84 

Volney, Carl W., Patents of. 101,108,107 

Volney Chemical Company, Patents o^ixcd by 107 

VonRathen, Patents 136, 187 

Vulcan Powder 88 

Wadding, Lucas 84 

Wages. (See Labor.) 

Wagons and Wains 17 

Wains and Wagons 17 

Walker, Geoige S., Patent of 106 

Wall Saltpetre 38 

War, Munitions of, 37; Early Use of Fire-arms 84 

Ward,Emery, Patentof 106 

Ward, Jas., Drill Patent 278 

Waring, J. B., Compressor Patent, 184 ; Drill Patents (Nos. 
169, 889, 172, 629, 178, 814) pp. 265 and 287, and see Cope- 
land, Chas. J., 286. 

Waring, Rand ft. Air Compressors. (See Rand & Waring.) . . 813 

Waring Drill Patent. (See J. H. Johnson.) 284 

Warren, Robert J., Patent of 106 

Warrington, T. A., Drill Patent 285 

Warrington, Biydon, Davidson &, Drill Patents (Nos. 8,507 

and 3,921) 281 

Wursop, George, Drill Patent 269 
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Warsop Drill (foot-note) 214 

Warsop & Hill, Drill Patent 288 

Water, Tunneling under (sec Subaqueous Tunneling) ; Ancient 

Supply, 10 ; Tamping with, 90, 112 ; in Heading, 805, 806 ; 

Power for Turbines, 319, 863 ; Flood at Hoof ac, 828 ; at 

Sutro Tunnel, 841 ; Temperature of 859 

Weaver's Hand Drill *. 259 

Weaver, Wm. (See Wm. Wynne Kcnrick) 281 

Wedges in Breaking Rock 58 

Weigel, Martin, First Application of Drilling and Blasting in 

Mining 48 

Wells at Hoosnc 824 

Weraw 35 

Whalebone Needles 58 

Wheat, John B., Drill Patent 278 

Wheeler, Edgar Gaylord, Patent 187 

White Canvas 22,27 

White, Josiah 26 

White, Sturgeon &, Drill Patent 284 

White Guniwwder • 61 

Whitehall Tunnel 30 

W i borg. Early U sc of Gunpowder at , 41 

WIebeking 16 

Wight, Isle of. Heavy Blasts at 134 

WlldcnFerry 15 

Wilkinson, Isaac, his Patent 186 

Wlllard, Joseph W., Patent of 108 

Wilier, J. Von, Patent 139 

Williams, E. J., Drill PatenU 106,878 

Williams, J., Patent 139 

Williamson, Thos, J., Drill Patent 278 

Wilson, John L 801 

Wilson, W.n 80,29 

Wilson, Newton & Turner, Drill Patent 884 

Winans, Ross 29 

Winchester, E. S.. DriU PatenU, 196 (Nos. 148, 273, 158, 900, 

159, 841, 159, 242), and see also, pp. 266, 267, 270, 889. 

Winchester, S., Drill Patent 869 

Winchester & Phelps, Drill Patent 284 

(See Hazeltine.) 

Wire, in BlasUng 93, 111,314 

Wise, W.L., Drill Patent 284 

Wood : Action of Nitric Acid on Wood Fiber 40 

Wood, De v., foot-note 185 

Wood, De v., Drill Patents (Nos. H, 829 and 76, 181), 262, 263 ; 

(Nos. 78,858 and 96,901), 264 ; Air Compressor, 153 : his 

DriU, 841, 242; his Gadder 843 

Wood & Robinson Drill, 809, 811 ; Patents. 862, 863 ; (Nos. 

71,829 and 70,181), and see Turretinl 296 

Wood, G. H.,, DriU Patent 860 

Woodhcad Tunnel 19 

Worcester, Marquis of, his Early Steam Engine 16 

Working Strength of Gunpowder 69 

Worseley. (See Bridgewater. Duke of.) 

Worth, Frank, Patent for Showing Dip In Boring 887 

Wright, Patent, 189 ; Drill Patent 875 

Wympfeling, J 84,85 

Z Bit, 807 ; Patents (Nos. 908 and 1,778) 878 

Zahner, Air Compression Tables. 180, 181 

Zaracoeus, Tunneling Mountains of « 9 

Zedler 85 

Ziegler, Hleronymus 84 

Zyloglodine , 87,101 

Zyloidlne 40,09 
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